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FOREWORD

This project was accomplished as part of the U.S. Army Aviation Research and Development
Commend Manufacturing Technology program. The primary objective of this program is to
develop, on a timely basis, manufacturing processes, techniques and equipment for use in
production of Army materiel. Comments are solicited on the potential utilization of the
information contained herein as applied to present and/or future production programs
Such comments should be sent to: U.S. Army Aviation Research and Development Command,
Att.: DRDAV-EGX 4300 Goodfellow Boulevard, St. Louis, Missouri 63102.

This technical report describes the development work concerning the radio frequency (rf) cure of
epoxy/fiberglass composites. The program is being conducted with Government-furnished equip-
ment in cooperation with the U.S. Army Materials and Mechanics Research Center (AMMRC),
Watertown, Massachusetts. The report covers the development work conducted under AMMRC
Contract DAAG-46-79-C-0009 for the period 19 January 1979 to 19 February 1980. The
following Boeing Vertol Company personnel have contributed actively to the program during
the contract.

Project Engineer Lawrence C. Ritter

Technician Walter Lashno

Development Mechanic William Lentz

The contributions of Mr. Walter Lashno and Mr. William Lentz to this project are acknow-
ledged, Mr. Lashno for his assistance in preparing the laminates, assembling the tooling and
operating the rf equipment, and Mr. Lentz for cutting the prepreg, making the layups and
separating the cured laminates.
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1. INTRODUCTION

Present manufacturing technology for curing epoxy/fiber composite structure involves the use
of large energy consuming facilities (ovens, autoclaves, resistant or radiant heaters, etc.) which
entail costly flow times. The use of direct dielectric heating can provide, in sone instances, a

cost effective alternate curing method. A recent study' has shown that a cost savings of 75
percent can be realized by the use of radio frequency curing over conventional curing by con-
duction heating.

In the basic principles applied to cure by dielectric heating, an alternating electric field causes
oscillatory displacements in the charged components of the dielectric, the energy for motion
being absorbed from the electric field.2 The energy absorbed by the molecules is translated
into rotational kinetic energy of the entire molecule, resulting in a temperature increase.

The materiel absorbs energy at the rate given by:

Power (P) - KfE2 A e' tan 6 x 10-12
t

Where

K = Constant (based on units)

f - Frequency in megahertz

E - Field strength in volts

A - Area of material in square inches

t - Thickness of material in inches

e - Dielectric constant of material

6 = Loss tangent

This equation shows that the heating effect is directly proportional to the frequency, directly
proportional to the square of the applied voltage and directly proportional to the dielectric
constant and the loss tangent 3

The capacity of a substance to absorb high frequency energy is described by the term loss
tangent; the higher the loss tangent, the more energy absorbed and the greater the heating effect;
the lower the loss tangent the less energy absorbed and the less the heating effect.

In most applications, the dielectric constant and the loss tangent are fairly constarit over the
dielectric heating frequency range, at a fixed temperature. Therefore, a best frequency need
not be sought; the desired heating rate is obtained by selecting a frequency range and voltage
for which it is practical to build equipment and for which a suitable electrode system can be
designed.
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Dielectric heating acts below the surface of a dielectric material and heats all parts of the
volume simultaneously with substantially greater speed and uniformity than conventional
methods. Some advantages related to dielectric equipment are:

1. The energy can be turned on and off instantaneously.

2. It is efficient in that it does not throw off wasted heat.

3. It can be precisely and accurately controlled.

4. It can heat selected sections of a part, leaving other sections cool.

5. It is easy to operate, basically long lived and requires little maintenance.

The basic theory of electronic heating is to change standard AC line voltage to radio frequency.
The high-frequency voltages are actually generated in a capacitor-inductor combination. Energy
is stored alternately in the capacitor and in the inductor. In the capacitor, energy is stored in an
electric field; and in the inductor energy is stored in the magnetic field of the current flowing
in the inductor. Current flowing in the inductor charges the capacitor to one polarity; when it
is fully charged the current stops flowing and then begins flowing in the opposite direction
through the inductor to charge the capacitor fully in the opposite direction. The vacuum tube
acts as a switch between the power supply and the inductor-capacitor combination, switching
current from the power supply at the appropriate times required by the capacitor-inductor.
The high-frequency voltage, up to tens of thousands of volts, is delivered through a transmission
line to the work applicator fixture. Figure 1 illustrates a high frequency generator.

For dielectric heating, two ranges of radio-frequencies are used. For most processes, a frequency
somewhere in the 1-200 millions of cycles per second (megahertz) range, usually called high-
frequency or radio frequency heating is used. For a small but increasing amount of work,
frequencies above 890 megahertz (MHz) called microwave heating are in use. The fundamental
relationship for electromagnetic waves,

Frequency (MH z ) x 106 x wavelength (m) - 3 x 108 (vel of light)

indicates decreasing wavelength with increasing frequency. The wavelength of 30 megahertz
is 10 meters, commonly used for high frequency heating. The wavelength for 1000 megahertz
is 0.1 meter which is considered short for a radio wave, and is, therefore, called a microwave.
Equipment cost for microwave equipment exceeds that of the lower frequency (80 to 100
megahertz) equipment by a factor of 4 and operating costs are reported to be some 50 percent
higher. Also, a greater health hazard exists with microwave equipment due to the possibility
of radiation leakage. Manufacturers must comply with Federal regulations covering radiation
leakage to meet safety requirements.

In high-frequency heating, the material to be heated is usually placed between two electrodes.
When high frequency energy is applied to the electrodes, the material between the electrodes
is heated uniformly throughout its volume. In microwave heating the energy is applied by
horns or wveguides, and its effect decreases to a negligibly low value at some point below the
surface, the depth of the penetration depending on the frequency and on the material being
heated. Due to the nature of the microwave, auxiliary devices (propellers, waveguides) are
required to disperse the energy and guard against localized heating in the load or "hot spots".

2



ELECTRIC FIELD

VACUUM TUBECA CIO

MGNETIC FIELD OF FLOWING
CURRENT

1. Energ is stored alternaely in the capacitor and in the inductor. -

2. The vacuum tube acts as a switch between the power supply and lh is inductor-
capacitor combination.

3. The high voltae ia delivered through a transmission line to the work applicator
fixture.

Figure 1. The High Frequency Generator
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High-frequency generators are available in a wide range of output power ratings, from about
50 watts up to many hundreds of kilowatts. Equipment delivering 2 or 3 kilowatts can be
obtained up to 200 or 300 megahertz; 25 kilowatts at 100 megahertz and 100 kilowatts at
30-40 megahertz. Microwave generators can be had at 900 to 2500 megahertz with outputs up
to 25 kilowatts.

An important consideration in the 1 to 100 megahertz heat:ag is that the field is concentrated
between the electrodes and virtually all of the heating takes place in this area. This is an im-
portant difference from microwave heating in which ultra high frequency electrical energy, at
frequencies typically 25 times as high as this 100 megahertz energy, is generated in a power
tube, conducted through concentric lines or waveguides to a cavity in which the energy must
be contained to be effective in heating.

The dielectric curing process proposed by Boeing Vertol Company pertains to passing a self-
contained, pressurized tool containing the uncured epoxy/fiberglass part, between flat-plate
electrodes and through the emitted radiofrequency field by means of a conveyor belt as illus-
trated in Figure 2. The approach is also compatible with the cure of a part of complex
geometry, varying thickness and the use of inexpensive nonmetallic tooling.

Based on the Boeing Vertol Company preliminary investigations into rf curing in 1973-1974
and an unsolicited proposed to the U.S. Army Aviation Research and Development Command
(AVRADCOM) 4 the Army contracted for the design and manufacture of a conveyorized radio
frequency oven.

The conveyorized radio frequency 20-kilowatt (90-100 megahertz) dielectric heater was de-
designed and manufactured by the LaRose Associates, Cohoes, New York, under Contract
DAAG46-76-0064 for the U.S. Army Aviation Research and Development Command
(AVRADCOM), St. Louis, Missouri, under the cognizance of the Army Materials and Mechanics
Research Center, Watertown, Massachusetts. This unit was delivered to Boeing Vertol in
August 1977 and installed in Plant 3, Building 3-07.

Specifications for the equipment, identified as Model 20/CV/90, are given in Table 1.

LaRose Associates provided Boeing Vertol personnel the necessary equipment checkout and
operational instruction under the cognizance of personnel from the Army Mechanics and
Materials Research Center. The checkout test results are presented as Appendix A. The con-
veyorized radio frequency oven is shown in Figure 3.

Communication personnel from the U.S. Army Communications Electronics Engineering
Installation Agency, Fort Huachuca, Arizona, monitored the frequency of the rf equipment
(September-October 1977), both from inside Building 3-07 and at a distance of 2,000 to 3,000
feet outside the building for possible interference with overhead aircraft navigational and
communication equipment and with commercial television and radio. Measurements taken with
the equipment in both the load and no-load conditions indicated there was no discernible
interference through the 10th harmonic. 'rhe results of the survey are given in Appendix B.

4
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Subsequent IR&D work in 1978,s by Boeing Vertol led to a contract from the Army
Mechanics and Materials Research Center, Watertown, Massachusetts to establish rf parameters
for curing epoxy/fiberglass and to muusure the mechanical properties of cured laminates.

TABLE 1. MODEL 20/CV/90 SPECIFICATIONS

Power Output 20 Kilowatts

Electrode Are 22 x 35 Inches

Electrode Spacing 4 to 16 Inches

Frequency Range 72- 108 Megahertz

Power Line Voltage Required 230 or 460± 60 Cycle, 3 Phase

Power Line Current Required

230 volt operation 100 Ampere, 3 Phase (minimum)
460 volt operation 60 Ampere, 3 Phase (minimum)

Line Voltage Fuses in machine

Plate Transformer Fusing
230 Volts 100 Amperes
460 Volts 60 Amperes

Control Transformer Fusing

230 Volts 30 Amperes
460 Volts 15 Amperes

Power Tube (1) THERMALL 6-1

Rectifiers (6) THERMALL SR152 (modules)

Safety Panel Interlock Switches
Overvoltage Breakdown Protection
D.C. Overload Protection
Grounded Case and Frame

Plate Current 4 Amperes maximum

Grid Current See note

Belt Speed 0.5 to 5 feet/minute

NOTE: For ideal operation at 3.6 amperes of plate current the grid current should
be 575 milliamperes. Grid current meter is marked in red below 550 and
above 800 milliamperes. The white area of the dial from 550 to 800
milliamperes is the ideal operating range for the grid current.
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2. CONTRACT NUMBER

DAAG-46-79-C-0009

3. PROJECT TITLE

CONVEYORIZED RADIO FREQUENCY CURE
OF EPOXY/GLASS COMPOSITES

4. DISCUSSION

4.1 OBJECTIVES

The purpose of this work was to develop a dielectric heating capability for curing fiber reinforced
composite structure. The specific objectives were to develop optimum radio frequency (rf)
cure cycles for resin/fiber composites, establish process parameters relative to feed rate, rf power
levels, electrode spacing, and material thickness variations.

4.2 MATERIAL

The material used in this program was Scotchply Type SP-250E-33-W-456, Lot 7, Jumbo 50,
Unidirectional, supplied in 72 yard rolls, 6-1/2 inches wide, and manufactured by the Minnesota
Mining and Manufacturing (3M) Company, St. Paul, Minnesota. The 3M Company Product
Manufacturing Code for this particular batch is W456, Lot 7, Jumbo 50. A copy of the 3M
Affidavit and Quality Control Data are presented as Appendix C.

The Boeing Vertol material inspection data are presented as Appendix D.

4.2.1 Laminate Qualification Properties

A press cured laminate of the Scotchply material was prepared by Boeing Vertol personnel, for
qualification purposes, in accordance with requirements of Section 5.2 of BMS 8-196A. The
laminate properties were m ured and are noted below in Table 2.

TABLE 2. PROPERTIES OF PRESS CURED LAMINATES

BMS-8-196A
Property Requirement Results

Void Content, Max. % by Volume 3.5 1.53
Fiber Content, Avg. % by Volume Report 63.5
Composite Density Avg lb/in.3  Report 0.074
Ply Thickness, Mils 8.5 + 1.0 7.0
Tension (KSI)/Modulus (MSI) 140/5.5 167.9/7.4
Flexure (KSI)/Modulus (MSI) 160/5.3 223.5/7.9

The laminate met all requirements with the exception of per ply thickness which measured 1/2
mil less than the minimum required. 8
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4.3 TOOLING

Several nonmetallic tooling materials are suitable for use in a rf field. These materials are "trans-
parent" to rf and have appropriate electrical, mechanical and thermal properties. The materials
considered for this work were ceramic, fiberglass/epoxy, polysulfone, poly-4-methyl-pentene-1,
silicone rubber and polypropylene. Silicone rubber and polypropylene proved to be the most
practical and most economical. Silicone rubber was used to make the inflatable pressure bag.
The decision to use polypropylene for the matched die tool was based on low dissipation
factor (0.0003) and a 2.2 dielectric constant. It is readily available, can be machined easily
and is relatively inexpensive.

Although the upper temperature capability of 270 to 300°F was of some concern, it was con-
sidered that the nonheating characteristics of polypropylene by rf and its poor heat conductivity
would allow tooling to sustain epoxy cure cycles without difficulty. Also of concern were the
creep and deflection properties of polypropylene with respect to the compacting pressure used
during the cure.

To answer this question, several test bars measuring 1 by 1 by 12 inches were prepared and
threaded on either end. These were tested in tension to evaluate the strength of the material.
Both square and tapered threads were evaluated; it was found that a tapered 8 threads-per-inch
provided more than adequate holding power. The material failed in tension at 4,550 psig. The
tensile strength of polypropylene is given as 4,900 psig. Figure 4 shows the test specimen.

An empirical determination of the deflection of a 1 by 1 by 12-inch bar of polypropylene was
made under a static load of 80 pounds at room temperature. Over an 8-hour period the bar
deflected approximately 0.070 inches under this load. Once the load was removed, the bar
returned to its original horizontal plane overnight. Since these conditions were more severe than
those expected in practice, the findings were acceptable with respect to the use of the material
for tooling.

The tooling is in the form of matched mold dies machined from polypropylene plate. It con-
sists of three sections: the bottom containing the laminate to be cured, the midsection floating
pressure plate and the top section containing the pressure bag. Six 3/4-inch diameter sighting
ports, on six-inch centers, line one side of the bottom section, Figure 5. Figures 6 and 7 show
the tooling assembled, top and edge views. This tooling (Figure 8) was designed and machined

under the previous Boeing Vertol in-house I R&D effort.

4.4 LAMINATE FABRICATION AND CONFIGURATION FOR RF CURING

The Scotchply epoxy/fiberglass prepreg was fabricated into two laminate configuration: a
wedge shape and a constant thickness section. Each laminate was made of 10 sections. To
separate each section, a release material was positioned as noted in Table 3.

The wedge shaped laminate was stepped off one inch for each ply. This configuration is
illustrated in Figure 9. The wedge was fabricated in two halves which were then faced together.
The assembled wedge is shown in Figure 10. A cured constant thickness section is shown
in Figure 11.

9
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Figure 5. Components of Polypropylene Tooling
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Figure 6. Top View of Assembled Polypropylene Tooling
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Figure 7. Edge View of Assembled Polypropylene Tooling
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TABLE 3. LAMINATE CONSTRUCTION SPECIFICATIONS

Ply Length Ply Length Ply Length Ply Length
No. (inches) No. (inches) No. (Inches) No. (Inches)

1 39 14 36 26 24 38 12
2 39 15 35 27 23 39 11
3 39 16 34 28 22 40 10
4 39 17 33 29 21 41 9
5 39 180 32 30* 20 42 8
6 39 19 31 31 19 43 7
7 39 20 30 32 18 44 6
8 39 21 29 33 17 48 5
9 39 22 28 34 16 46 4

10 39 23 27 35 15 47 3
11 39 24 26 36* 14 48 2
112* 38 26 25 37 13 49 1
13 37 50* 39

51 39 64 36 76 24 88 12
52 39 65 35 77 23 89 11
53 39 66 34 78 22 90 10
54 39 67 33 79 21 91 9
55 39 68* 32 80* 20 92 8
56 39 69 31 81 19 93 7
57 39 70 30 82 18 94 6
58 39 71 29 83 17 95 5*159 39 72 28 84 16 96 4
60 39 73 27 85 15 973

61 39 74 26 86* 14 98 2
62* 38 75 25 87 13 99 1
63 37 100* 39

*Insert Peel Ply After This Ply

17



x
1 IN. DROPOFF

X = 39 IN.
V = 6.0 IN.

Z, 0.22 IN.

Z2 1.0 IN.

-so

1.00 IN.

PEEL. PLY_ __0.22____IN._

Figur P.LYyFIrgasLmntd eg eto

PSELP18

..........................W-



K

II
K

I

I

4 1 b I
'4-

h

19

- .t,~ j1~A~4~1*~ ......................................



Figure 11. Cured and Trimmed Constant Thickness Section
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Exploded views, Figures 12 and 13, of the wedge and the constant thickness section for laminates
with unidirectional fibers identify the location and indicate the ply thickness of the different
panels. The thick panels are twelve-ply with the exception of panels 5 and 1A which are four-
teen-ply, and the thin panels are six-ply. Illustrations for those laminates having t45° or 00/900
fiber orientation are given as Figures 14 and 15. These identify the location of the panels and
indicate the respective ply thickness. The total ply count for these laminates is 104.

4.5 LAMINATE AND TOOL ASSEMBLY

After the ten separate layups making up a specific laminated unit had been completed they were
arranged in the stacking sequence previously illustrated. Figure 16 shows the last unit ready to
be located and Figure 17 the applications of that section to the laminate. The laminate has been
placed on a piece of nylon bagging material. When the last section is located, a double thickness
of fiberglass bleeder cloth is laid on top, Figure 18. A similar bleeder had been placed on the
bottom of the laminate prior to stacking the individual sections. The entire laminate is then
encased in the nylon bag which is tack sealed with teflon tape, Figure 19. The purpose of this
beg is to contain the resin squeeze out and preclude time consuming post cure tool clean up.
A second bag of Teflon film is also used to seal the seam of the nylon bag, Figure 20.

The bagged unit is then placed in the tool cavity, Figure 21, and silicone rubber spacers located,
Figures 22 and 23, to facilitate removal of the cured laminate. Next, a polypropylene spacer
is inserted, Figure 24. This is a piece of uniform thickness for the constant thickness laminate
and a wedge shaped spacer for the wedge section. The floating pressure plate is next located,
Figure 25, followed by the top section containing the inflatable silicone pressure bag, Figure
26. The polypropylene nuts are threaded on the studs and the pressure plate snugged down,
Figure 27. An initial pressure of 10 psig is applied to the laminate. This was so for all cases
except for the first run (No. 14) where an initial pressure of 5 psig was used.

The resin containment bag around the laminate is pierced at each of the temperature sighting
holes for controlled flow of squeeze out resin. Figure 28. The squeeze out is collected in a
separate throw away trough (not shown) that is attached to the side tool after it is positioned
on the conveyor belt. Figure 29 shows the assembled tool being introduced into the shielding
tunnel for final positioning.

4.6 RADIO FREQUENCY CURING

After the tool-part assembly had been positioned on the conveyor belt, masking tape was used
to hold the tool in place. Without the tape the polypropylene tool has a tendency to slide out
of position as it is cycled back and forth during the cure.

Cure temperatures were measured by infrared fiber optics. The thermal monitoring system was
aligned with the sighting ports on the side of the tool. These ports were assigned numbers 1 to
6 as the tool passed through the rf field left to right.

The sensing probe was positioned through the oven wall to within three inches of the laminate.
The end of the probe was aligned to sight through the port on to the midplane of the edge of
the laminate. The probe is connected outside the oven to the detecting head which in turn
transmits the signal to a digital readout calibrated in a direct fahrenheit degrees. An x-y strip
chart was also connected to the digital readout. See Figure 30.
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Figure 16. Final Unit Ready to be Located
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Figure 7. Application of Final Unit to Laminate
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Figure 18. Placing Fiberglass Bleeder
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Figure 19. Application of Ny/on Beg
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Figure 20. Final Teflon Seal Bag
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Figure 21. Bagged Laminate Placed in Tool
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Figure 22. Silicone Rubber Spacers Located in Side of Tool
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Figure 23. Sili/one Rubber Spacers Located in End of Tool

33



It

Figure 24. Polypropylene Spacer Being Located
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Figure 25. Application of Pressure Plate
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Figure 26. Positioning Top Section of Tool Containing Silicone pressure Bag
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Figure 27. Tooling Sections Being Secured
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Figure 28. Resin Containment Bag is Pierced
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A whip antenna was located in the vicinity of the front access door and connected to a 250
megehertz 8-digital frequency counter to monitor frequency during the cure.

Once the assembled tool was secured to the conveyor, the part was cured by cycling the assem-
bly through the rf field between properly spaced electrodes at a controlled speed. For constant
thickness sections the temperature of the laminate increased incrementally to 250°F over a 70
minute period. For wedge sections the temperature increase developed over a period of 120
minutes. For all laminate cures, however, 30 to 40 psig pressure was applied when the laminate
temperature ranged from 170OF to 2000 F. The dielectric heating was monitored throughout
the cure and changes in the temperature of the laminate were recorded on the x-y strip chart.
Charts for each run are presented in Appendix E.

Monitoring the cure of the constant thickness sections presented no particular problem. Due
to the even thickness of the laminate, temperature increases were evident within 10 to 15
minutes of exposure to the rf field.

In the case of the wedge shaped laminates, monitoring the temperature at the thin edge of the
wedge is somewhat difficult. Reference to the temperature readout charts for wedge sections
(Appendix E) shows the aborted pen tracing for sight ports Numbers 1 and 2; the vicinity of
of the thin position of the wedge. In the early cures, before the transparent film was used to
contain the resin, resin build up at the ports also contributed to erratic temperature measure-
ments. Although the film helped, temperature measurements at the thin end of the laminate
were still erratic.

Early in the curing effort it was found that the last one to two inches of thin end of the wedge
were not curing. Experience showed that the tapered portion of the wedge, up to one half the
length, required longer exposure to the rf to complete the cure. Thus, a process was adopted
whereby only the thinner portion of the wedge, to one half the length, was exposed to the
field for the first thirty minutes of the run; the rf was switched off as the thicker portion of
the wedge passed between the electrodes. After this initial exposure the entire laminate was
allowed to cycle through the field for the remainder of the cure. It was also necessary, in some
instances, to allow portions of the laminate to be exposed to a static application of the rf for
periods of one to two minutes.

4.7 PROCESSING PARAMETERS

As more experience was gained through each succeeding cure it was found that plate current,
grid current, filament voltage and line voltage remained constant for a specific load passing
through the field at a particular electrode spacing. Also, appropriate electrode spacing for
most of the cure, resolves itself to a clearance of the upper electrode from the top surface of
the tool of approximately one half inch. Indeed, in instances where the temperature increase
proved to be too rapid, control was exerted by increasing the space between the electrodes to
reduce the energy input or the rf was turned off while a particular section of the assembly
passed through the electrodes.

Actually, processing parameters resolved themselves, for the most part, to electrode spacing
and the intermittent application of the rf field. Acceptable belt speeds proved to be beiween
four to five feet per minute. With early runs a seven second delay at each end of the cycle was
used. This was later reduced to one second.
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Individual temperature measurements taken at each sighting port were automatically recorded
on the xy-strip chart recorder with each pass through the field. Temperature data and processing
parameters for each cure are presented in Appendix F. The numbers for grid current and filament
voltage represent load and no load conditions. For grid current, high numbers represent no load
condition and low numbers a load condition and vice versa for plate current.

4.8 TESTING PROGRAM

4.8.1 Contract Items

Contract requirements specified the rf cure of five wedge sections and five constant thickness
sections with subsequent shipment of these sections to the Army Materials and Mechanics
Research Center (AMM RC), Watertown, Ma.

Testing of specimens from various positions through the cross-section of the rf cured composite
was to include but not be limited to hardness, tensile strength, short beam shear, and flexure.
Also, test specimens of a quantity not less than that specified in the approved internal specifica-
tion were to be prepared and shipped to AMM RC.

In the course of the program, 24 rf cures were conducted resulting in 11 wedge sections and
13 constant thickness sections. Table 4 lists pertinent information on each laminate and the
disposition of each. It will be noted that Table 4 numbers start with number 14. Cures prior
to this were conducted under the earlier I R&D in-house effort. The ten sections required for
AMMRC were packaged and sent the 12th of December 1979 to Watertown, Ma. Also,
individual test specimens for AMMRC were prepared by the Cincinnati Testing Laboratory
and shipped directly to AMMRC.

4.8.2 Testing Results

Cincinnati Testing Laboratories, Inc. 417 Northland Road, Cincinnati, Ohio, 45240, contracted
to cut, machine, and conduct the testing for the prepregged material and the rf cured laminates
in accordance with the requirements of BMS-8-196A.

The quality of the first three rf cured wedge sections was evaluated at Boeing Vertol by
measuring the flexural strength and modulus at room temperature, Barcol hardness, and resin
content. These data are presented in Table 5.
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TABLE 5. QUALITY MEASUREMENTS OF FIRST THREE WEDGE SECTIONS
Wedge Section

Test 1 2 3 BMS 8-196A

Flex Strength psi x 106 183.0 189.7 188.1 160.0 min

Flex Modulus psi x 106 6.69 6.2 5.5 5.3 min

Barcol Hardness 68.74 66.70 70.75 Not required

Resin Content % 26.8 25.6 25.8 Not required
(Cured Laminate)

Based on these results the fourth wedge and the second constant thickness section were sent to
Cincinnati for test. Prior to shipment, the laminates were trimmed to size and separated into
the individual panels. The separations were made at the peel ply layer. Due to the compaction
of the laminate these separations were not made without some difficulty and care had to be
exercised to prevent some fiber delamination. The separations were started at one end of the
laminate (where a small piece of teflon had been inserted between each set of panels before
cure) by using a thinned back-edge of a hack saw blade. When an adequate opening had been
made, a 12-inch metal rod one inch in diameter was inserted and the separation continued by
rolling the rod down the length of the panel.

Diagrams were prepared to represent each panel and to locate and identify the individual test
specimens. These diagrams are presented as Appendix G.

Early test results on the panels sent to Cincinnati showed that the flexural strength/modulus
at 180°F were below specification requirements (126 ksi/4.3 msi vs 140 ksi/5.2 msi).
Also, short beam shear results at room temperature were below requirements (9,000 ksi vs.
10,000 ksi). Detailed test results are presented as Appendix H. Review of these results and
the curing parameters suggested that these lower values could be due to the relatively low
(30 and 35 psig) pressures used on the laminates during the cure. Testing was terminated on
the specimens from wedge section number 4 and constant thickness section number 2. A new
wedge section (number 7) and constant thickness section (number 6) were sent to Cincinnati as
replacements to provide a new set of test specimens. These new sections had been cured at 40
psig pressure to upgrade the mechanical properties. Compacting pressures were kept in the 30
to 40 psi range because creep and deflection of the polypropylene tooling would be more
prevalent under greater stress at cure temperature and the stud strength may have been exceeded.
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4.8.3 Discussion of Results

The quality of the prepreg material, SP-250-E-33-W-456, Lot 7, Jumbo 50 was measured under
paragraph 5.1 of BMS-8-196A but limited to those properties specified in Table one. The
physical properties of the press cured laminates were measured in accordance with the require-ments of Table two of specification 8MS-8-196A.

The mechanical properties of the laminates cured by the Radio Frequency Process were de-
termined with reference to property requirements specified in Table three of 8MS-8-196A.
Although the BM-8,196A relates to material qualification and not to process evaluation it is
considered useful for evaluating the mechanical properties of the rf cured laminates.

4.113.1 Prepreg Properties

A summary of the properties of the prepreg material is presented in Table 6. These results show
that the material meets the requirements of BMS-8-196A with the exception of Resin Flow.
This property averaged at 5.5 percent which is somewhat below the minimum 9 percent speci-
fied. (This fall-off, however, may be attributed to a four month interval between the time the
material was received and the testing.) Also, gel time data were not determined because suf-
ficient resin could not be removed from the prepreg. This in turn could be due to the age of
the prepreg. In general, however, the material portrays the properties reported in the 3M cer-
tification report. Detailed test results for the prepreg properties are presented in Appendix 1.

4.8.3.2 Press Cured Laminate Physical Properties

One each of 5-ply and 12-ply laminates, twelve inches square, of the SP250 material were press

cured in accordance with paragraph 5.2 of BMS-8-196A. Cure conditions were 120 ± 10
minutes at 255°F ± 5°F and 40 PSIG pressure. The laminates were post cured 90 minutes at
255°F without pressure. The properties of these laminates were determined in accordance
with paragraph 5.22 of the specification. A summary of the results is given in Table 7.

With the exception of the void content of the 12 ply laminate, the properties are within the
requirements of the 8MS and agree with the values contained in the 3M certifying report. De-
tailed test results are presented as Appendix J. In addition to a determination of the above
properties both the flexural strength/modulus and the tensile strength/modulus were determined
for these laminates. These values are presented in Tables 8 and 9. The values are lower than
those reported in the 3M certifying report although they do meet the requirements of the
BMS-& 196A, Table Ill.

4.8.3.3 Rockwell Hardness

Both the wedge section and the constant thickness section panels cured by Radio Frequency
were examined to measure the degree of cure. Utilizing the "M" scale, the Rockwell Hardness
for each panel was determined. A cured rigid epoxy resin gives Rockwell M readingse in the
neighborhood of 100. A summary of the Rockwell Hardness values is presented as Table 10.
Values for the 12-ply laminates give evidence of a full cure condition in all instances except
no. 3 panel of the constant thickness section. All the 6 ply laminate values, however, suggest
that additional cure may be necessary. All these values are an average of ten measurements
and the detailed test results are given in Appendix K.
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TABLE 6. SUMMARY/PREPREG PROPERTIES

Property Required Actual

Volatile Content, Max %)
Average Value 0.6 0.37
Individual Value 0.8 0.47

Resin Content, Avg %) 30-36 31.2
Ply Thickness, Mils 9-11 9.4-10.0

Glass Weight, Avg
Grams per ft 2  25.2-27.6 26.30

Total Weight, Avg
Grams per ft 2  36.25-42.55 38.45

Gel Time, Minutes (Min) 33 N/A
Resin Flow, (%)

Avg Value 9-17 5.52

TABLE 7. SUMMARY/LAMINATE PHYSICAL PROPERTIES

Property Allowable Actual
5 ply 12 ply

Void Content, Max %) 3.5 0.6 3.9
Fiber Content, Avg %) Report 58.8 50.5
Resin Volume, Avg %) Not Required 40.6 45.6
Composite Density, Avg

lb/in.3  Report 0.072 0.067
Resin Content, Avg %) Not Required 25.5 30.9
Ply Thickness, Mils 8.5 ± 1.0 9.4 8.9
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TABLE 8. FLEXURAL STRENGTH

CUSTOMER: Boeing Vertol Company Date:January 21, 1980[

Material. SP250-E-33 W-456, Lot 7, Jumbo 50 * Supportradius: 1/8"
Specification: EMS 8-196A Nose radius: 1 /8"

TestPre Conditioning; 40 Hrs./23*C150% R.H. Speed: .04 in./min.
Test Condition: 23 0 C/50% R.H. Specimen length: 4"

Span(LM 1 .6 L/d Ratio: 1611

S = flexural strength in psi

EBj Modulus of elasticity in psi x 106

2bd2 P = Break load in lbs.

b - specimen width in inches

Modulus of Elasticity (Es) mL 3M d = depth of beam in inches

*Panel Fabricated at Cincinnati L sa nice
Testing Labs. , Inc. m =initial slope of load-deflection curve

in lbs. /in.

Specimen S d b f P m E
iNo.) j (psi) (in.) (in.) (lbs.) (lbs./in.) (psi X 106)

1740 0.102 0.996 680 5530 5.3

[ 2 162,03 0101 0.999 1 688 5674 5.64

-- 16,80 0.102 - 0.998 7.00 ~ 5-49.

Avg. 160,440 .102 _________- __ 5.30
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TABLE 9. TENSILE STRENGTH/MODULUS

CUSTOMER: Boeing Vertol Company Date January 21, 1980
Material: SP 250-E-33 W-456, Lot 7, Jumrbo 50*

Specification: EMS 8-196A

Pro Conditioning: 40 Hrs./23*C/5O% R.H. Testing Speed: .05____ in.smin.

Test Condition: 230C/50% R.H.

Specimen Type: Figure 5
S aUltimate Tensile Strength in PSI

Sy wyield strength in PSI

Et-modulus of elasticity in PSI x 10'

P
Tensile Strength (S) = d P = break load in lbs.

b = specimen wi~dth in inches

Modulusbd d1 =lsiiy E~ W specimen thickness in inches

*Panel fabricated at Cincinnati Testing Y strain in in.;in.
Labs., Inc.

Specimen S Sy P d b Et ElongationK (rm. I (PSI) (PSI) Ilbs.) (in.) lin.) (psi x 10'1 M%

1 150,320 3340 0.044 0.505 6.38
2 151,880 13570 0.046 0.511 6.43

3 136,650 _____ 3130 0.045 0.509 7.66 _____

4 136,400 _____ 3200 0.046 0.510 6.99 _____

Avg. 143,810 _________ ____6.87 _____
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TABLE 10. SUMMARY OF ROCKWELL HARDNESS VALUES (AVERAGE)

Panel (No.) M-Scale 6 Ply 12 Ply

1 Constant Thickness Section - 96
2 Constant Thickness Section 74 -

3 Constant Thickness Section - 79
4 Constant Thickness Section 83 -
2 Wedge Section 83-

2A Wedge Section 70 -

3 Wedge Section - 96
3A Wedge Section - 96
4 Wedge Section 82 -

4A Wedge Section 89 -

5 Wedge Section - 97
5A Wedge Section - 96

4.83.4 Fatigue Properties of rf Cured Laminates

A summary of Fatigue Properties is presented in Table 11. Detailed specimen testing and a
plot of the number of cycles versus the alternating stress is given in Appendix L Data de-
veloped in the Boeing Vertol "E" glass Qualification program for SP250E is also plotted for
comparison. The data for the rf cured laminates falls slightly below that plotted for the press
cured laminates. This could be attributed to an under cured resin matrix or, additional pres-
sure may be needed during the cure.

TABLE 11. SUMMARY/FATIGUE PROPERTIES

00 Fiber Orientation
Number of Cycles

Specimen No. 1 Specimen No. 2
Alternating Stress (ksi)

22 7,887,000 4,251,000
28 374,000 103,000
32 9,000 2,000
36 6,000 3,000

± 450 Fiber Orientation

Number of Cycles
Specimen No. 1 Specimen No. 2

Alternating Stress (ksi)

22 10,088,000 12, 809,000
28 3,875,000 1,532,000
32 562,000 1,370,000
36 30,000 45,000
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4.8.3.5 Laminate Mechanical Properties

The mechanical properties of the rf cured laminates were determined at three test tempera-
tures -650, 740 and 18010F after exposure to three hostile environments; oil soak, boiling

water and a 1800 F soak, as detailed in BMS-8196A. A summary of these results is given in
Table 12. Underlined results are below required value.

TABLE 12. SUMMARY/LAMINATE MECHANICAL PROPERTIES

Property Test Temperature

-65OF 74OF 180OF

Beam Shear (KSI) Averages

Req Act. Req Act Req Act

Control 14.0 12.40 10.0 10.18 7.5 7.3

Oil Soak 14.0 J.M0 11.0 9.47 7.5 7.84

Water Boil 13.0 12.61 10.0 8.53 7.5 5.

Temp Exposure 14.0 12.20 11.0 10.28 7.5 8.18

Flexural Strength (KSI)/
Modulus (MSI)

Control 192/5.2 264/5.5 160/5.3 191/5.4 130/5.2 156/5.7

Oil Soak 190/5.2 250/5.5 160/5.3 189/5.7 130/5.2 157/5.9
Water Boil 192/5.2 238/4.9 145/5.3 186/5.7 124/5.2 105/4.8

Temp Exposure 192/5.2 228/5.0 165/5.3 183/5.3 140/5.2 137/5.3

Tension (KSl)/Modulus (MSI)

Orientation

00 165/- 162/6.8 140/5.5 134/6.4 122/5.5 111/6.1

00/900 85/- 76/4.2 62/3.5 70/3.7 60/3.1 64/3.4

± 450 20/- 21/2.7 21/1.8 19/2.1 20/1.4 19/1.6

Req - Required Act. - Actual

4.8.3.5.1 Beam Shear - Examination of the average values for beam shear show the majority
falling slightly below values specified in the BMS-8-196A; the percentage fall-off ranging from
3 to 20 percent. The water boil exposure proved to be the most severe environment for the
beam shear specimens. In light of the flexural results, the lower beam shear values seem a
paradox. Based on Rockwell Hardness, the degree of cure appears acceptable. Also, the source
of the specimen (wedge or constant thickness section), its location in the panel, or the stacking
location of the panel in the section seem to have no relationship to individual mechanical
property values.

4.8.3.5.2 Flexural Strength/Modulus - The flexural modulus of specimens tested at -65 0 F
and 180°F after being subjected to the water boil were lower than values required for specifi-
cation BMS-8 I 96A. It is noted also that the flexural strength reported for those specimens
tested at 180OF after water boil was also below the specification requirements.
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4.&3.5.3 Tensile Strength/Modulus - Examination of the values for unidirec~onal (00)
laminates show them to be within the acceptable 5% of the specified values with the exception
of the measurement at 1800 F which portrays a 9.0 percent reduction. The tensile strength
values relate directly to the laminate resin content A "range of acceptable tensile strength
values as a function of resin content" for the room temperature test is given as Figure 6, page
29 of the BMS-8-196A. It should be noted also, the Rockwell Hardness values for the 6-ply
laminates ranged from 70 to 90 versus an acceptable 100 value. This suggests that some ad-
ditional cure was required.

Both the 0/90 and the ±450 tensile strength values evidenced slight fall-off from the specifica-
tion requirements. The values for the 0/90 at -65°F is low by 10 percent but the 740 F and
1800 F test results are acceptable. For the ±450 tensile values the 74 0 F test result is 9.5
lower than the specification requirement. Although the values for the ±45o tensile results are
underlined to show they are below requirement, they are within an allowable 5 percent
deviation and thus considered acceptable. Detailed test results are presented in Appendix M.

To resolve the differences in results for Flexural, Short Beam Shear and Tensile properties a
series of retests was conducted. These results are discussed below.

4.8,3.5.4 Retest Data - Additional testing was conducted on rf cured panels which were sub-
jected to post cure at 250°F for 16 hours. Also, the resin content was determined for those
post cured panels used to re-evaluate tensile strength/modulus. Summary retest values for the
post cured mechanical properties are given in Table 13 and the resin content values are listed
in Table 14.

A comparison of the results in Table 13 with original test values shows improvement in
Flexural strength at 180°F and in Tensile strength/modulus for 0/900 fiber orientation at
-650F. Other values for short beam shear and tensile strength show no significant improve-
ment. These results suggest that the degree of cure provided by rf energy was relatively
complete.

The resin content for panels used for tensile test specimens were wide spread, ranging from
20 to 28%. This variation is difficult to explain since all panels were subjected to 40 psig pres-
sure during cure.

Detailed resin content values and retest values for mechanical properties are provided in
Appendix N.

4.&3.5.5 Panel Analysis - Two areas that may be scrutinized further are the ultimate cure
pressure and the physical separation of the individual panels from each other. A pressure
greater than 40 psig may be required to realize a beam shear strength commensurate to press
cured laminates. Also, it is suggested that the 40 psig pressure may not have been sufficient
to produce low void 12 ply laminates. Although the void content of the radio frequency cured
laminates was not determined in this program, reference is made to the press cured laminates
(para 4.8.3.2) wherein the 40 psig cure pressure resulted in 12 ply laminates with 3.9 percent
void content. Thus, a high void content would directly relate to a fall off in short beam shear
strength. Separation of the panels from each other was not easily accomplished although peel
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ply had been used as a release agent. Some force was required on the round bar that was used
as a wedge between the panel being removed and the remainder of the section. It may be that
some fibers were disturbed or slightly prestressed during this separation procedure. It is ex-
pected, however, that the rf cure of a composite component for a helicopter would not entail
a separation process as described here.
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TABLE 13. RETEST SUMMARY/LAMINATE MECHANICAL PROPERTIES

Property Test Temperature
-85OF 74 ° F 180OF

Beam Shear (KSI) 00 Averages
Required Actual Required Actual Required Actual

Control 14.0 11.2 10.0 - -

Oil Soak 14.0 13.2 11.0 9.8 - -

Water Boil 13.0 - 10.0 8.8 7.5 5.7

Flexural (KSI) 00
Modulus (MSI)

Water Boil .... 124/5.2 128/4.8

Tension (KSI)/
Modulus (MSI

Orientation
00 - - 122/5.5 112/5.9
00/900 85/ 90/4.2 - - -

450 - - 21/1.8 20/2.2 -

TABLE 14. RESIN-GLASS CONTENT

Percent Percent
Panel Identification Run No. Resin Content Glass Content

Constant Thickness Section
No. 4 No. 25 20.8 79.2
No. 2 No. 25 20.0 80.0

Wedge Sections

No. 4 No. 24 28.1 71.9
No. 4A No. 24 25.4 74.6
No. 2A No. 24 21.6 78.4
No. 2 No. 24 27.8 72.2

53

ism .1



5 CONCLUSIONS

&I The feasibility of conveyorized rf cure of epoxy/fiberglam composite has been demon-
strated. For practical purposes the mechanical properties of rf cured composites are
commensurate with requirements of the Boeing Material Specification.

5.2 The use of a stronger tooling material (i.e., polysulfone) will allow the application of
greater pressure during the cure and thus improve the interlaminar sheer propertie.

5.3 RF cure can be applied to specific helicopter composite hardware limited only by
equipment design and part geometry.

6 RECOMMENDATIONS

Based on the findings reported herein, it is recommended that the investigation of conveyor-
ized rf cure of resin/fiberglas composites be continued.

A follow-on effort should be directed toward the fabrication cure and service life testing of a
specific composite helicopter structure. It is recommended that tooling for rf curing be made
of polysulfone. It is superior to polypropylene in strength and stiffness, has minimum creep,
and is capable of withstanding 300 to 350°F temperatures.
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APPENDIX A
FINAL TEST PROCEDURE FOR DAAG46-76R-0846

20-KILOWATT RADIOFREQUENCY OVEN

A. Major Elec trode Dimensions (ZZ in. x 35 in. __________

0. Spare Electrode Dimensions (14 in. x 24 in. 0. K.
C. Maximum Electrode Opening (i5 inches) 1.5 ir:cnes -inches
0. Minimum Electrode Opening (3 inches) 4 3,'1E inchs
E. Minimum Adjustm1ent inc'ement (1/2 inch) - 0.O icnches
F. Access to electrode via hinced interlocked ~oor 0 .F.e s

R.F. applic-ator inoperable 4ntil all doors and paneis secured.
G. Power Supply Door open R.F. inoperatle O.X. yes
H. Tube access panel C FF R.r. inoperable O.K. yes
I . Control panel door open R.F. inoperable O.K. /es
J. Access door open R.F. inoperable 0. K. yes
K. Left tunnel top unlatched R.F. inoperable O.K. lies
L. Right tunnel top unlatched R.F. inoperable O.K. Yes
M. Oscillator Tube'air cooled O.K. yes
N. R.F. Cavity has positive ven7ing O.K. y~es
0. Shielded window in the hinged panel allows viewing of load

in applicator ~ e
P. Shielded n eithe ide of cavity 2 O.K. yes

Power leakage fromn oven less than 1 MW/cm atthe following iocation.-.

Q. Left tunnel 0.8 (92.6 MHz) %1./cm2 No load 4.375" electrode separati.on
R. Right tunnel 1.3 - 1.4(92.6 MRYThWm- (0. 5)
S. Front Access Door G0 (92. 6 MHz MiWm

Left tunnel 0.30 (94.5 MHz MW-/cm 2 No load 7.1875" electrode separation
Right tunnel 0.R0 (94.~ 5AHz mu/cr (0. 5 amp)

2
Left tunnel 0.7 (92.1 MHz M/cm2 With load 4.375" electrode separati.or
Right tunnel 1.5 (92.1 MH z M4/cm2  (0. 8 amip)
Front Access Door 0 -MW/cm2

Left tunnel 5-6(92.6 M~z) P14/cm2 With load 5.875" electrode separati or.
Right tunnel 4-5 ',92.6 MHz) mW/ci' (1. 5 amps)
Front Access 7r 0 MW4/cmn

2Left tunnel 2-3 (93.6 MHz) ki./cm, Wt load 9.5625" electrode seoaraticn
;ight tunnel -4- . 966MHz ) -f r4/ cm' 1 m
Front Access IM- TM./cMZ 1. m

T.Distance between closures or operators side of tre tunrel are equal to or less
than 6" 0. i. ves

U. Max. Speed_ ofconveyor telt is equal to or g;reater than 5 ftrmin. C" F. e
Max Speed e.0 ft/mmi. with %0 loa on conveyor. .ihlj.
of 322 ,ounds on Conveyor the rax. speed is_______:i.

VJ. Vin speed cf conveyor !)elt is eaival to or lIess t .A .. es
Min. speed 0.11 ft/min. wit *o load in coy4l ith 13ad
of .1 Z onoind s on convey.or the iin. s.epd 4s _______ .1-in.

W. Conveyor system po-werec ty i :- -cor wricl r'd.33 a c,- tate contrQ~1r'?

Y. Sritrane an! e'tress fro.r sh~tlde.4 trrels of -ocrk 1 sh~orter than *.Unrel
lengtn possitle ~..x. -.es

Y. Conveyor has a direction ccontroi si*itch L .. es
Z. Conveyor telt speed indicatcr is proport:nal to conveycr spee..

Selt speed indicator 0.5 f t/ni . '*o Load
8."" f _in oaa

8elt speed indicator 7.5 ftX./ad l3,t
0.1 :/wn.Load
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A.A. Control voltage from secondary of isolation transformer 120 volts 60 1z
Resistance from secondary voltage side to primary 3 phase line 

0 .i.ite

ohms, 068 i j 4t& ohms, C infinite ohms.

Secondary low voltage side to primary 3 phase line.
0 infinite ohms, 06 infinite ohms, OC infinite ohms.

6.B. 6FU installed External Exhaust now energized O.K. yes.
7FU installed Oscillator Blower now energized 0.K. yes.
8FU installed Power Supply Fan now energized O.K. y es.
9FU Installed Electrode Motor now moving electrode with main relay
energized and filament power on 0. K yes.
IOFU installed filament power now on with filament switch on 0.K. yes.
IZFU installed conveyor motor energized when main relay energized and
filament power on and CB-1 on O.K. yes.

In all above fuse tests indication only existed after fuse was installed
O.K. yes.

C.C. Line Voltage meter on remote control panel O.K. es.
Filament Volt Meter on es.
Grid Current Meter on O.K. yes.
Plate Current Meter on 0 K O.K.yes.
Filament Hour Meter on .. . . .. es.
Belt Speed indicator on .O.K. yes.
External Dial Indicator right of access door O.K. yes.

All switches and pushbuttons actuated by operator on or in Remote Control
Panel except Main Disconnect Switch O.K. yes.

D.D. Remove 7FU only. Depress Main Relay pushbutton. Air flow Light extinguished
O.K. yes.

Turn Filamen itch ON
Filament voltage indicates zero volts O.K. yes.
7FU installed above indications are reversed and voltage present
respectively O.K. Yes.

E.E. Overload Mode Switch placed in the "single" position.
Increase power until the plate current meter is in or just enters the
red portion of the meter. Observe that R.F. power is removed and that an
alarm bell energizes until the R.F. OFF or the EMERGENCY STOP pushbutton
is depressed O.K. yes.
Observe that R.F. power is not reapplied O.K. yes.

F.F. Overload Mode Switch placed in the multiply reset position.
Increase power until the plate current meter is in or just enters the
red portion of the meter. Observe that R.F. power is removed for 5 seconds
then reapplied for three times before the Alarm Bell energizes O.K. yes.

G.G. Depress the R.F. OFF or EMERGENCY STOP pushbuttons Note the'Alarm bell deener-
gizes O.K. yes.

H.H. Depress the R.F. ON or Main Relay and R.F. ON and the sequence in FF is repeated
again O.K. yes.

A-2
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II. Conveyor does not run when turned to the OFF switch position 0.K. yes.
Conveyor belt moves toward the left when in the left position

0. . es.
Conveyor belt moves toward the right when in the right position0. X(. yes.

Dwe Ttmr -adjustable between 0 and 120 seconds O.K. ,es.
Turn the switch to the automatic position. Conveyor oelt does not
move .K. yes. R.F. ON pushbutton depressed. R.F. power
is applid and the conveyor belt moves left to right O.K. yes.
When conveyor belt right micro switch is actuated the R.F. power is
removed, the belt stops and the dwell timer starts O.K. es.
After the preset time has elapsed the R.F. power is reapphed and
the conveyor belt starts moving toward the left O.K. yes.
This cycle continues until the R.F. STOP pushbutton, or tne
EERGENCY STOP pushbutton is depressed O.K. yes.

J.J. With the electrode in the full up position and the R.F. power on
record the frequency ,40 LOAO 96.06 M Z.
With R.F. power on lower the electrode to the minimum position and
record the frequency 92.57 1Z.

K.K. Connect the water calorimeter to the R.F. oven. This water calorimeter
consists of the following:

Flow moter*, Input water thermometer*. Output water thermometer*,
Supply sewage hoses (furnished by purchaser), R.F. Load Adapter *
and special hoses * (* loaned by W.T. LaRose at the time of final
approval).

After flow is stabilized record flow 3.0 gpm.
Increase R.F. power until maximum plate current is obtained.
Record input water temperature 22.0 OC and
output water temperature 43.5 oc
Temperature rise between above 21.5 Cx 1.8 38.7

(3) gpm x 8.337 x 16.. I -F) .9 3TU/min.

967.9 STU/min. x 17.S7 • 17,006 watts output
power into water calorimeter.

After flow is stabilized record flow 3.0 gpm.
Increase R.F. power until maximum plate current is obtained.
Record input water temperature 22.0 OC and
output water tomeprature 46.5 C
Temperature rise between above 24.5 C x 1.8 - 43.2 OF.

(3.0) gpm x 8.337 x ( 129.6 O€) • IO807 min.

1084.4 BTU/min x 17.57 1 18,983.9 Watts output
power into water calorimeter.
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After flow is stabilized record flow 3.0 gpm.
Increase R.F. power until maximum plate currsnt is obtained.
Record input water temperatire 22.0 10C and
output water temperature 41,5 0 C
temperature rise between above 25.5 C x 1.8 45.9 F.

3.0 qpm x 8.337 x ( 137.7 )F) s1148.0 TU/min.

1148.0 BTU/min x 17.57 - 20,170 watts output
power into wate calorimeter.

After flow is stabilized record flow 3. 0 m
Increase R.F. power until maximum plate curr nt is obtained.
Record input water temperature 22.0 -C and
output water temperature 48.0 .C
Temperature rise between above 26.0 C x 1.8'a 46.8 F.

(3.0) pm x .337 x ( 140.4 -) s 17- TUmn

1170.5 BTU/min x 17.57 '20.,565.9 watts output
power into water calorimeter.

A-4
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APPENDIX B

ELECTROMAGNETIC RADIATION SURVEY REPORT

D o-PA R T E.1 OF THE A R to
U. S. ARMY C3a '.JUN iAT IONS-CL.EC7RONICS

,,ENGINEER1NG ISTALL./'T10I4AG. &CNY

'\ -- FORT HJ AC HU C A. ri I A 6 1 3

CCC- O-E_=CD-

SU3=E=: Electromagnetic Radiation Survey, 20 K4W 90 MUz RF Oven

.rm Y-1teziais and Mechanics Research Cente
AT=~: DRG1R-AR
Watertcza, MA 02172

1. Referenced:i

a. Letter, DRmR-AR, Army Mate-rials and Mechanics Research Center,
29 Sepz 77, subj: Electromagnetic ?.adiation Surey, 20 KW, 90 ME= RF oven,
fte~n-VertoJ., Philadelphia, PA.

b. Fenecon between Mr. Sambol, CCC-L'ZME0-ECDr and Mr. Levin, DmIR~1-AP.,
21 Se;p 77.

C. Ttter, CCC-EMEO-ECO, USA=EIA, 6 Oct 77, subject as above.

d. tatter, DRnG1R-AR, Army materials and Mechanics Research Center,
19 A:; 77, subject as above.

2. Refere-nce id was original tack4ig requesting this office perform a
sr-e=t_ analysis of the RZ oven at Eoei4ng-;ezto.', Philadelphia, PA.
Reference Ic was our report on th&t s-irey. it also established the
need lc: another trip. Reference lb advised mx. Levin that euip ent
and ;esx--nnel would be available during Cctober. Reference !a tasked
this =office to.perform a seccna trip.

3. Zt was determined during the first trip that a true PP scectrurn
chara= erization of the P.! oven 'had no-,t been m.ade because En ac.ual
wce!.; load was not available at that timre. It was not )d. c-- what
chans !_n ftequencies would ocrduring the heating 44d :ui;process
of a f!.:bergliss/epcxy; comtposit:e !cad although it had been estinatsd that
the f=-aTuency -might varty between. 75 :C-Iz and 9S :0z

4. :,=ing the secon~d trip a xwl e:t -Packard 141T Spectr= ;nal.yzer was
U3*0.4 %r~m a vertically polarized _4i,-0-e artenna ncinted on. a S fzot
tr4ei4. :ata were taken !:-p o: thne acrean of thes~ctu
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CCC-EO-ECD
SUEMECT: Electromagnetic Radiation Survey, 20 W 90 ,dz -- "ven

analyzer with a Polaroid camera. The fundamental frequency was determined
by using the frequency counter supplied with the oven. This counter was
chocked against our own and proven to be accurate. Each tme the oven was
turned on (for 30 - 60 second durations), one or two pictures ;.e taken
of various portions of the spectrum.

5. It was found. that the levels varied rather substantially during each
short heating; therefore, the data (Table I) are presented in 5 dB i re- 
wents giving the median, range and increment for each harmnic. The highest
measured level was-12 dBm at the 5th harmonic (456 MHz). This gives an
ZRP of 1300 =illiwatts (31.1 dim). With a building attenuatio, cf 21 di
(estimated from Table 5, reference 1o), this would give an EAP of 10.74 MW
(10.31 dBm) were the source a transmitter outside the building. At 300
feet the received level would be -74.6 d~m. This level would be detectable,
but with such low power it is doubtful it would cause much interference to
other users because their power levels are significantly higher and the
oven frequency is constantly changing. The highest measured level at the
4th harmonic (365 MHz) was -19 dB=. This gives an EPP of 165 milliwatt
(22.2 dBm). With a building attenuation (iee reference 1c, Table 5) of
24 dB, this appears as an EPP of .66 mW (-1.8 dim) to receivers outside
the building. At 3000 feet the received level would be -64.6 dBm. There
are no ATC. frequencies or other users within the range 362.0 - 368.3 MHz.
The majo--ity of all levels were below -30 dBm. The ERP for each worst
case ip given in Table 2.

6. The measured fundamental frequency ranged from 90.52 to 92.08 .Uz. The
range of the harmonics is given in Table 3. As the load heats, the frequency
changes at a rapid rate, slowing down as the load reaches higher te=eratures.
The fundamental frequency generally tended to be lower as the load reachied
and surpassed 200 degrees F. The median frequency was in the range between
91.30 and 91.39 .Mz, with an average of 91.26 1.2z and a stan.dard deviaticn
of .4 Mz. Even though there are users in the 5th harmonic ran.ge (452.60 -

460.40 Mz), the continuously changing frequency would sweep thxzugh the
user's receiver fast enough to cause hima nothLg but . s*r !. =u- Zf i-lter-
ference. This would be similar in ti=s durations to what wculd b e experienced
from autcobile ignitlon noise or lightning.

7. it is not believed that any substantial interference ",u!I be experienced
by any user in an area _i.h 3000 feet of the oven locat.ion in.- building 307.
As stated - paragraph 6 above, if any interference is e:.eriencad it would
be of very short duration (1 to 2 seconds or less) and shuld -a-se no hard-
ship to the user.

S. A list of receiving facilities within a two mile radius of b _uilding 307

will be forarded to Mr. 11.cLeish under sep:arate cover.

8-2
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CCC-"'O-ECD
SUBJECT: Electromagnetic Radiation Surey, 20 KW 90 MIz RF Oven

9. Any further questions should be directed to mr. Don Sambol, 602-538-5755/
5303 (von 879).

FOR THE COGANDER:

4 1=1 MILES A. MREL
1-3. as Chief, Electromagnetics Engr Office
4 fwd sep

CF:
Mr. John E. MacLeish, P61-06 Boeing Vertol, P, 0. Box 16858, Philadelphia,
PA 19142

TABLE 1. MEASURED SIGNAL LEVELS

MEASURED LEVEL MEDIAN INCRE NT Nt.MER OF
HAMDONIC RANGE (dm) GROUP (dBm) SAMPLES

Fundamental -53 to -33 -46 to -50 13

2nd -52 to -33 -41 to -45 17

3rd -59 to -33 -46 to -50 31

4th -44 to -19 -26 to -30 30

5th -50 to -12 -26 to -30 27

6th -53 to -31 -41 to -45 26

7th -46 to -25 -36 to -40 28

8th -68 to -49" -56 to -60 29

9th -68 to -53 -56 to -60 28

loth -66 to -45 -51 to -55 28

l1th -70 to -53 -61 to -65 26

12th -68 to -63 -65.5 2

13th -70 to -69 -69.5 2

B-3



TABLE 2. EFFECTIVE WZD;.TE= POWER LEVELS

-" TO
WRSUT CASE I NCLUDE B=-LDING

I.UNNIC MY.ASUIMD (dB"m) ERP (MW) AP'-ENUATIC%. (=W)

Fundamental -33 .41 FM Broadcast Station

2nd -33 1.66 go Bldg Atta Data

3rd -33 3.70 .02

4th -19 165.96 .68

5th -12 1300.17 No Bldg Attn Data

6th -31 23.63 2.42

7th -25 127.94 11.40

8th -49 .66 .004

9th -53 .33 .0002

l0th -45 2.61 .11

11th -53 .50 No Bldg Att= Cata

12th -63 * .06 go Bldg Attn- Data

13th -69 .02 No Bldg Antn Data.
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TABLE 3. RANGE OF HARMONIC FREQUENCIES

HARMONIC FREQUENCY CINz)

Fundamental 90.52 - 92.08

2nd 181.04 - 184.16

3rd 271.56 - 276.24

4th 362.08 - 368.32

5th 452.60 - 460.40

6th 543.12 - 552.48

7th 633.64 - 644.56

8th '724.16 - 736.64

9th 814.68 - 828.72

10th 905.20 - 920.80

11th 995.72 - 1012.88

12th 1086.24 - 1104.96

13th 1176.76 - 1197.04

8-5/B-6



APPENDIX C

MATERIAL CERTIFICATION
FORM ,illI-ClU-W@I

RP-1061 0 cc: with shipment
4 cc: J. T. Deasey
1 cc: Cy Yearwood
1 cc: Paul Milon

AFFIDAVIT

STATE OF MINNESOTA

5S.

COUNTY OF RAMSEY

The authorized representative of the Minnesota Mining and Manufacturing Company, St. Paul,
Minnesota, whose signature is given below, being first duly sworn, does depose and say that
the "SCOTCHPLY" Brand Reinforced Plastics Material described below, complies with mutually
agreed Specifications and Purchase Order Requirements. The Quality Control System complies
with all essential principles of Specifications MI L-1-45208A and MI L-Q-9858. Test reports and
traceability records will be kept on file, available for review by the buyer. Copies of 3M Lot
Acceptance Data Reports and the Shipment Check List, as may be required, are attached to this
Affidavit.

Customer Name and Plant Location: Boeing Co., Vertol Div., Eddystone, PA

Customer Purchase Order Number: TT 807185

3M Company Shipment Invoice Number: RP 47932

Applicable Customer Specificationi: BMS-8-196A, Class A, Type I-1

3M Company Product Identification: Type SP-250-E-33, Unidirectional

3M Company ProductMfg. Code: W 456, Lot 7, Jumbo 50

Shipment Summary"

42 Rolls, 62" X 72 Yards. 1'Ply Uni.

3M Lot Test Data is Attached.

IR & GPC curves are identified as S05707, Lot 83, Jumbo 50

Further this Affiant sayeth not. ____________"

Title: Supervisor Quality Control

Subscribed and sworn to before me tois 26th day of March, 1979 A.D.

..- C- -
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APPENDIX D

QUALIFICATION ASSURANCE REPORT

QUALITY ASSURANCE M&P LABORATORY
MISCELLANEOUS TEST DATA

TEST_________ RESULT$ WEIGHT___

TET1 2 3 4 5 SEFORE AFTER

0.17% 0.19% Averap 0.18% 21343 _jfjL_

(z weT RESIN 30.0% 30.5% Averapi a 30.3% 2L42I~L. 1...L39L...
CHECK m ui2

CHECK DOwRY RESN 
a

FLW10.8% L9.4% Averap a 10.1% _____ 2- 9594 8.6921
GEL TIME Daidl. -_____MATERIEL IDENTIFICATION:

APPLICATION
TIME I Anprjnusut V_5_1_______t

SNORE A
H ARDONESS

POROSITY _____

1LA2S WT 4- 5
aLSW - 7__7_2____ 8- 9- 10-6

1- 2- 3- 4- 5-
TOTALWTf 9. 1.

WEIGHT______ ____ __

THICKNESS __________ inch___

OARCOL 1-2. 3- 4- 5
HARDNESS 6. 7- 8- 9. 10.

ORIENTATION
OF PLIES

_______________ ________FOAMING HEIG T _____

HEIGHT SIEFORE ____

-HEIGHT AFTER ___________j

RESULT _______ _______ _______ _______

APPEARANCE _____ __________ _____

FLEXURAL STRENGTH - SPAN:,_____

WIDTH__ _ _ _ ______ _ _ _ _ ____ __

THICKNESS_____ ______ _____ _ ____

LOAD

PSI _____

SP-250 456 E Fiber
BMS 8-196A Pruprog

Properties,
Table I.

LO0G NO. IOATC g1 5r4URC (ANALYSII ;.79682553 17/30/79



APPENDIX'E
TIME TEMPERATURE PROFILE FOR RF CURE PANELS:

STARTED IS EG CINRF CURE TIME - TEMPERATUR
9:50 AM 1SWEGSETOr

RUN 14 :i * *- V-I
1ST RFAPPATION ± -1-

1002W-.

5. 0&15 20

1:20PMD ISTWEDGESECTION
RUN 14 ~~ii~
2ND RF APPLICATION

24T !.: -.-71
2oo~P-4.-~ -*~ -- - * 6

0 - j3 0 1 17 1
Fipm E- 1. Twnemae Pri~tu for Ist Wedge Sectin i(Run Number 14



ERATURE PROFILE

J . . .

1250I ..

(V 200\m

212tt--

I L

r ... J: -: i. .1 ,,~ _ _

- .. ... L

01 25! 30 , 3i , 40 !

TIME (MINUTuSl )•

.- S

S*: 

4



ow-00

--:7--,

so! 55so7

Pop.J



I I

311Ar; ig4d

70' 7 go. 61 90



!$ARTEO
1600 AM

OWN is OF CURE TIME - TEI
1ST OF APPLICATION 2ND WEDGE SECTION

41M -j 4.. .j .4 '.;.1 L

j..250

t4.:

7 -. I

.1015 20
TIME (MINUTES)

STARTED
1:20 PM
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Figure E1Temperature Printout for 2nd Wedge Section (Run Number 15)
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9:25 AM
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lpTe E-&. Temperature Printout for 3rd Wedge Section (Run Number 16)
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STARTED
8:10AM

' 21 JUNE 79
RUN NO. 18 4TH WEDGE SECTION

~250
IL

ISO ".w

I!J 150

5 10 20

Figure E-5. Temperature Printout for 4th Wedge Section (Run Number 18)
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Fl"iw, E-4 Temperature Printout for 2nd Constant Thicknes Section (Run Number 19)
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APPENDIX F

PROCESSING PARAMETERS
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APPENDIX G
PANEL IDENTIFICATION AND TEST SPECIMEN LOCATION
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APPENDIX H

INITIAL TEST REPORTON FLEXURAL AND
SHORT BEAM SHEAR TESTS BY TESTING LABORATORY

COPY

TEST REPORT

CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

FLEXURAL STRENGTH CONTROL

DATE: 8-16-79

CUSTOMER: Boeing Vertol Co.

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50
SPECIFICATION: BMS 8-196A SUPPORT RADIUS: 1/8 in.

PRE CONDITIONING: 30 min. @ 180°F NOSE RADIUS: 1/8 in.

TEST CONDITION: 180OF TEST SPEED: 0.05 in./min

SPAN (L) 1.65 L6d RATIO: 15/1 SPECIMEN LENGTH: 4 in.

S Flexural Strength in PSI

3PL Es - Modulus of elasticity in PSI x 106

Flexurl Strength () 2bd 2 2.475 P - Break load in lb

L3 m b Specimen width in inches

Modulus of Elasticity (ES) - 1.123 d - Depth of beam in inches
4bd3  L - Span in inches

m - Initial slope of load-deflection curve
in lb/in.

Specimen S d b P m E8

(No.) (PSI) (In.) (In.) (Lb) (Lb/in.) (PSI x 106)

58 135,000 0.110 1.000 660 5,797 4.89

72 122,710 0.113 0.992 628 5,217 4.09

78 99,030 0.119 1.006 570 4,918 3.26

80 132,260 0.112 1.007 675 5,530 4.39

82 130,490 0.112 1.004 664 5,505 4.38

85 125,620 0.109 0.995 600 5,042 4.39

92 132,860 0.108 1.003 628 5,021 4.46

94 128,820 0.110 0.994 626 5,405 4.59

AVG 125,850 0.112 4.31

Test Technician: J. Myers Approved: D.B.
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COPY
TEST REPORT

CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

SHORT BEAM SHEAR CONTROL

DATE: 8-16-79

CUSTOMER: Boeing Vertol Co.
MATERIAL: SP250-E*33 W-456, Lot 7, Jumbo 50
SPECIFICATION: BMS 8-196A TEST SPEED: 0.06 in./min
PRE CONDITIONING: 40 hrs/230 C/50% RH LID RATIO: 5/1
TEST CONDITION: 230 C150% RH LOAD POINTS RADIUS:

SPECIMEN SIZE: 1/4 in. x 7/8 in. Nose 1/8 in.

SPAN: 0.490 in Supports 1/16 in.

S- 3 PSI
4bd

Specimewn Thickneuwd Width-b Break Load Shear Strengthi
(No.) (In.) (in.) (Lb) P 5 fPSI)

a 0.100 a251 307.5 9,190
12 0.095 0.251 269.0 8,460
27 0.092 0.252 302.0 9,770
47 0.096 0.248 .309.5. 9,750
84 0.102 0.249 326.5 9,640
71 0.108 0.251 287.0 7,940
79 0.094 0.250 271.0 8,660
81 0.093 0.251 268.5 A,830
AVG 0.098 9,0

Tes Technician: J. Myers Approved: D.B.

H-2
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COPY
TEST REPORT

CINCINNATI TESTING LABORATORIES, INC.
REPORT NO. T14A06

FLEXURAL STRENGTH CONTROL

DATE: 8-16-79

CUSTOMER: Boeing Vertol Co.
MATERIAL: SP250OE-33 W-466, Lot 7, Jumbo 50
SPECIFICATION: BMS 8-196A SUPPORT RADIUS: 1/8 in.
PRE CONDITIONING: 40 hrn/23°C/50% RH NOSE RADIUS: 1/8 in.
TEST CONDITION: 23°C/50% RH TEST SPEED: 0.06 in./min
SPAN (L) 1.66 L/d RATIO: 18/1 SPECIMEN LENGTH: 4 in.

S - Flexural Strength in PSI
3PL ES - Modulus of elasticity in PSI x 106

Flexural Strength (S) - 2bd2  2.475 P = Break load in lb

b - Specimen width in inches
Modulus of Elasticity (ES) - 4bd3 1.1.23 d - Depth of beam in inches

L - Span in inches

mn - Initial slope of load-deflection curve
in lb/in.

Specimen S d b P m ES

(No.) (PSI) (in.) (I n.) (Lb) (Lb/in.) (PSI x 106)

5 192,620 0.095 1.008 708 4,068 5.29
14 196,120 0.097 1.003 744 4,181 5.13
15 169,990 0.086 1.008 512 3,069 5.38-
28 176,320 0.096 0.987 648 4,027 5.18
34 168,270 0102 0.986 656 4,651 4.99
39 170,600 0.085 1.004 500 Z765 5.04
41 198,250 0.094 0.989 700 4,123 5.64
88 183,100 0.095 0.996 665 4,040 5.31
AVG 180,530 11094 5.25-

Test Technician: J. Myers Approved: 0.B.

H-6

Now------------------------------------.......



71S

IA'dmioa

"PON r.) MW A
--------- q m AT ~d ML 3 0

H-6



I~ I

A OR

so~ni "IOVQI
POE lo)M

M. *M

H-7/H-



APPENDIX 1

PREPREG PROPERTIES

VOLATILE CONTENT

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A, Paragraph 8.1

TEMP. OF OVEN: 325 F TIME IN OVEN: 10 minutes

SPECIMEN SIZE: 4" x 6"

TEST CONDITION: 23' C/50% R.H.

RESULTS

Original Wt. After
Spec. Weight Cond. Weight Loss Volatile
(No.) (gins.) (gins.) (gins.) M%

1 6.3888 6.3690 .0198 .31

2 6.3605 6.3400 .0205 .32

3 6.4790 6.4485 .0305 .47

AVERAGE .37

Test Technician: / ~ ~~~Approved: !'L?2c'-etf
T. Burns D. Browning



- .. -- -. .-. Rpm "

PREPREG RESIN CONTENT

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A, Paragraph 8.2

TEMP. OF FURNACE: 1050 F TIME IN FURNACE: 30 minutes

SPECIMEN SIZE: 41" x 661

TEST CONDITION: 23' C/50% R.H.

RESULTS

Original Wt.,Volatiles Wt. After Loss Resin
Spec. Weight Removed Ignition in Wt. Content
(No.) (gins.) (gins.) (gis.) (gins.) M%

1 6.3888 6.3690 4.4000 1.9690 30.8

2 6.3605 6.3400 4.3240 2.0160 31.7

3 6.4790 6.4485 4.4282 2.0203 31.2

AVERAGE 31.2

Test Technician: Approved:___________
T. Burns 1-2 D. Browning



PREPREG PLY THICKNESS

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A, Paragraph 8.1

SPECIMEN SIZE: 4" x6"

TEST CONDITION: 23 C/50% R.H.

RESULTS

Specimen Thickness
(No.) (Mils)

1 10.0

2 9.5

3 9.4

AVERAGE 9.6

Test Technician: A Approved: 
T. Burns 0. Browning (

1-3



GLASS BASIC WEIGHT

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A, Paragraph 8.2

SPECIMEN SIZE: 4' x 6" (Resin content specimens)

TEST CONDITION: 23 C/50% R.H.

RESULTS

Specimen WEIGHT BASIC GLAj S WT.
(No.) (gins.) (gms./ft)

1 4.4000 26.40

2 4.3240 25.94

3 4.4282 26.57

AVERAGE 26.30

Test Technician: Approved: __________

T.4 Dun . Browning

I,- 1-4



TOTAL WEIGHT

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A, Paragraph 8.1

SPECIMEN SIZE: 41" x 6"1

TEST CONDITION: 23 * C/50% R.H.

RESULTS

P RE PREG
Specimen WEIGHT TOTAL WEI 2HT
(No.) (gins.) (gns ./ft)

1 6.3888 38.33

2 6.3605 38.16

3 6.4790 38.87

AVERAGE 38.45

Test Technician: 7" ~ Approved: OfC.''(&~4

T. Burns D. Browning

.....5



GEL TIME

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS B-196A, Paragraph 8.6

TEMP. OF PLATEN: 200 F.

SPECIMEN SIZE: is% 6 "

RESULTS

Could not remove enough resin from sample to determine

Gel Time.

Test Technician: -Approved: _______________

T. Burns D. Browning
1 -6



RESIN FLOW

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A, Paragraph 8.5
0

TEMP. OF PRESS: 250 F Applied Pressure: 15 PSI

SPECIMEN SIZE: 4" x 41" Time in Press: 20 minutes
0

TEST CONDITION: 23 C/50% R.H.

RESULTS

Original Loss in
Specimen Weight Final Wt. Weight Resin Flow
(No.) (gms.) (gms.) (gms.) (%)

1 16.7661 15.8568 .9093 5.42

2 16.8378 15.8920 .9458 5.62

AVERAGE 5.52

Test Technician:_..§. Approved: A.-
T. Burns 0 Browning

1-7/1-8



APPENDIX J

PRESS CUE AMINATEPHSIA PROPERTIES
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TEST REPORT

J CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

VOID CONTENT

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A, Paragraph 8.3

LAMINATE: 5 Ply and 12 Ply

Void Content (%) V/0 = 100-Fiber Content-
Resin Volume

RESULTS

Specimen Fiber Content Resin Volume Void Content
(No.) M M M

5 ply 1 58.0 41.8 0.2

5 ply 2 57.8 40.6 1.6

5 ply 3 60.5 39.4 0.1

AVERAGE 0.6

12 ply 1 50.0 46.6 3.4

12 ply 2 51.2 43.8 5.0

12 ply 3 50.4 46.3 3.3

AVERAGE 3.9

Test Technician: . Approved: QA,BM 4 v).
T. Burns J-2 0. Browning

'.)~.:

- v



TEST REPORT

Eu CINCINNATI TESTING LABOR1ATORIES, INC.

REPORT NO. TI-3405

FIBER CONTENT

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A, Paragraph 8.3

LAMINATE: 5 ply and 12 ply Fiber Content(%) V/0u S x OSx 100
dg 0

RESULTS.

DG DS
WG Density Density WS Fiber

Spec. Glass Wt. Glass Sample Sample Wt. Content
(No.) (gins.) (gins/CM3) (gins/CM 3) (gins.) W%

5 ply 1 2.3283 2.52 1.985 3.1602 58.0

5 ply 2 2.1979 2.52 1.965 2.9634 57.8

5 ply 3 2.3176 2.52 2.018 3.0652-- 60.5

AVERAGE 58.8

12 ply 1 2.0872 2.52 1.841 3.0519 50.0

12 ply 2 2.1953 2.52 1.838 3.1273 51.2

12 ply 3 2.0860 2.52 1.848 3.0358 50.4

AVERAGE 50.5

Test Technician: A p Apr o ve d:4-'j.OQ/444
T. Burns D.Browning

J -3
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TEST REPORT

0 CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

RESIN VOLUME

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A, Paragraph 8.3
WR DS

LAMINATE: 5 ply and 12 ply Resin Volume(%) Y x x 100

RESULTS

DR DS Ws
Density Density Wt. of

Spec. Resin Wt. Resin Sample Sample Resin Volume
(No.) (gms.) (gms/CM3) (gms/CM3 ) (gms.) (%)

5 ply 1 .8319 1.25 1.985 3.1602 41.8

5 ply 2 .7655 1.25 1.965 2.9634 40.6

5 ply 3 .7476 1.25 2.018 3.0652 39.4

AVERAGE 40.6

12 ply 1 .9647 1.25 1.841 3.0519 46.6

12 ply 2 .9320 1.25 1.838 3.1273 43.8

12 ply 3 .9498 1.25 1.848 3.0358 46.3

AVERAGE 45.6

Test Technician: BrApproved:- O on
T. Burns D rwlg

J-4D.Bong



TEST REPORT

Ci CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

COMPOSITE DENSITY

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A, Paragraph 8.3

SPECIMEN SIZE: 1 1/2" x 1 1/2m (5 ply)

TEST CONDITION: 230 C Weight of Wire (W): .8055 (gins.)

RESULTS

Spec. Dry Wt. Wt.(gms.) SP Gravity Density3  (Lbs/in )
(No.) (gms)(a) in 1i20(b)+W -a )(gms./CM)

1 3.1646 2.3800 1.990 1.985 .072

2 2.9685 2.2672 1.970 1.965 .071

* 3 3.0694 2.3575 2.023 2.018 .073

AVERAGE 1.994 1.989 .072

Test Technician: :Approved:1.L'CI-A/$-w
1. Iurns D. Browning

J -5



TEST REPORT

* ~JJ CINCINNATI TESTING LABORATORtIES, INC.
- t C_ _ _ _ _

REPORT NO, TI-3405

COMPOSITE DENSITY

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A, Paragraph 8.3

SPECIMEN SIZE: 1II x 1" (12 ply)

TEST CONDITION: 230 C Weight of Wire (W):.8086 (gins.)

RESULTS

Spec. Dry Wt. Wt. (gins.) SP.Gravlty Density (Lbs/in )
(No.) (gms)(a) in H20(b)+W a (isc 3

1 3.0550 2.2085 1.846 1.841 .067

2 3.1300 2.2400 1.843 1.838 .066

3 3.0394 2.2073 1.853 1.848 .067

AVERAGE 1.847 1.842 .067

Test Technician: Approved: k
T. BurnsD.Bong U

J-6 L



TEST REPORT

Oi CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

RESIN CONTENT

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A, Paragraph 8.3

TEMP. OF FURNACE: 1050 F Time in Furnace: 60 minutes

SPECIMEN SIZE: 1 1/2" x 1 1/2" (5 ply) and 1" x 1" (12 ply)

Resin Content (%) w/o = g x 100ws

ws sample wr Resin wg Glass
Specimen Weight Weight Weight Resin Content
(No.) (gms.) (gms.) (gms.) (%)

5 ply 1 3.1602 .8319 2.3283 26.3

5 ply 2 2.9634 .7655 2.1979 25.8

5 ply 3 3.0652 '.7476 2.3176 24.4

AVERAGE 25.5

12 ply 1 3.0519 .9647 2.0872 31.6
a

12 ply 2 3.1273 .9320 2.1953 29.8

12 ply 3 3.0358 .9498 2.0860 31.3

AVERAGE 30.9

Test Technician: 77,-z 1-1  -- Approved:_42 _ 2J(__A
T. Burns D. Browning

J-7



TEST REPORT

O CINCINNATI TESTING LABORATORIES, INC.

REPORTNo.. TI-3405

L A M I N A T E / P L Y T H I C K N E S S D T : J n a y 2 , 1 8

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A, Paragraph 8.4

SPECIMEN SIZE: 3" x 12" (5 ply) 6" x 7 1/2" (12 ply)

TEST CONDITION: 23 C/50% R.H.

RESULTS

Reading Laminate Thickness Ply Thckess

12 ply j5j PlY1 l l

1 102 .54

2 101 50

3 113 43

4 111 42

5 110 -44

AVG. 107 47 8.9 9.4

Test Technician:- ~ Approved:
T. BurnsD.Bong

J-8



P

APPENDIX K

ROCKWELL HARDNESS

CUSTOMER: Boeing Vertol Company Date: January 22, 1980
Material: SP250-E-33 W-456, Lot 7, Jumbo 50(Panel No. 1 constant thick.)

Specification. ASTM D785-65
o

Pro-Conditioning: 40 hrs./23 C/50% R.H.

Test Condition: 23 ° C/50% R.H.

Specimen Size: 5 3/4" x 37 1/2"

Scale: M Penetrator: Load: 100 Kg.
1/4" ball 

Specimen H Thickness No. of
(No.) Reading I (in.) PiecesS (H)

98 .102 1

2 102 .094 1

3 100 .091 1

4 99 .096 1

_ ,,.87 1 .089 1

6 92 ,.092 1

S 7 99 .094 1

8 95 .096 1

9 87 .095 1
1 97 .101 1 Avg.H 96

Respectfully Submitted

CINCINNATI TESTING LABORATORIES, INC.
417 NORTHLAND ROAD

CINCINNATI, OHIO 45240

Test Technician R. Bushelman 
"ppOrne.d

RK- 0uhla . BrowningK-1 i , ,



CUSTOMER: Boeing Vertol Company Date: January 22, 1980
Material: SP250-E-33 W-456, Lot 7, Jumbo 50 (Panel No. 2 constant thick.)

Specification: ASTM D785-65

Pre-Conditioning: 40 hrs ./230 C/50% R.H.
Test Condition. 23 C/50% R.H.

Specimen Size: 5 3/4" x 38 1/2"
Scale: M Penetrator: Load: 1 00 Kg.

1/4" ball
Specimen Hardness Thickness 1No. of

(No.) Reading (in.) I Pieces

174 .045 11
2 74 .044 1

3 ___ 58 .046 1

_____ 64 .045 1

5___ 81 .044 1
1 6 72 .045 1

7 78 .045 1

882 .046 1
9 83 .045 1
1076 .044 1 Avg. H 74

Respectfully Submitted

CINCINNATI TESTING LABORATORIES, INC. I 
417 NORTHLAND ROAD

CINCINNATI, OHIO 45240

Test Technicin.. Approved:-
R. BuselmanD. Browning

-- 
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CUSTOMER: Boeing Vertol Company Date: January 22, 1980
Material: SP2SO-E-33 W-456, Lot 7, Jumbo 50 (Panel No. 3 constant thick.)

Specif ication: ASTM D785-65

Pre-Conditioning: 40 hrs./230 C/50% R.H.

Test Condition: 23* C/50% R.H.

Specimen Size: 5 3/4" x 37 1/2"
Scale: N Penetrator: Load: 100 Kg.

1/4 ball__________

Specimen Hardness Thickness No. of
(NO.) Reading (i. i e s

_____(H) I I__ __ _ I__ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

1 I 79 .096 1___

1 2 78 .0871

1 3 73 .1031

61 __ ____ .09 1 1
B 84 .094 1

789 .091 1
8 78 1 01 1 1

987 .094 1 Av.u 7
1078 .096 1v.H 7

Respectfully Submitted

CINCINNATI TESTING LABORATORIES, INC. I /

417 NORTHLAND ROAD
CINCINNATI, OHIO 45240

Test Technician,- Approved:-~ ronn



CUSTOMER: Boeing Vertol Company Date: January 22, 1980

Material: SP250-E-33 W-456, Lot 7, JumbO 50 (Panel No. 4 constant thick.)

Specification: ASTM D785-65

Pre-Conditioning: 40 hrs./23 ° C/50% R.H.

TestCondition: 23* C/50% R.H.

Specimen Size: 5 3/4" x 38 1/2"

Scale: M Penetrator: Load: 100 Kg.
1/4" ball

Specimen Hardnes Thickness No. of
(No.) Reading (in.) Pieces

___ _ _ (H) ..

1 73 .045 1

2 71 .047 1
3 90 .045 1

4 79 .046 1
Ss89 .044 1

6 83 .045 1

?91 .045 1

8 90 .044 1

j 79 .046 1

o 89 .046 1 Avg.H 83 

Respectfully Submitted

CINCINNATI TESTING LABORATORIES, INC.
417 NORTHLAND ROAD

CINCINNATI, OHIO 45240

Test Technician: Approved:-
R. BushelmanD.Bong

-. ~~- ., -



CUSTOMER: Boeing Vertol Company Date: January 22, 1980
Material: SP2SO-E-33 W-456, Lot 7, Jumbo 50 (Panel No. 2 wedge section)

Specification: ASTM D785-65

Pre-Conditioning; 40 hrs ./230 C/50% R.H.

Test Condition: 230 C/50% R.H.
Specimen Size: 5 7/8" x 12 1/2"

Scale: M Penetrator: Load: 1 00 Kg.
_______I /____ 14 " ball

Specimen Hardness Thickness fNo. ofI
I (No.) Reading (in.) Pieces

(H)_ ____ ___

1 2 j 84 .051 1___

3 76 .051 1
480 .052 j 1

585 j.051 1
6 j 81 j.050 1

__7 83 .052 1___

8 87 1 .052 I 1 1

79 L .05 1 1Av.H8
10 81 .051 [. 1 AH 8

Respectfully Submitted

CINCINNATI TESTING LABORATORIES, INC. (6 ,.
417 NORTHLAND ROAD

CINCINNATI, OHIO 45240

Test Technician -Approved:___

K- 5



CUSTOMER: Boeing Vertol Company Date: January 22, 1980
Material: SP250-E-33 W-456, Lot 7, Jumbo 50 (Panel No. 2A wedge section)

Specification: ASTM D785-65

Pre-Conditioning. 40 hrs .123* C/50% R.H.
0

Test Condition: 23 C/50% R.H.
Specimen Size: 5 7/8 0 x 12 1/2"
Scale: M Penetrator: Load: 100 Kg.

1/4" ball

Specimen Hard new [ mickneu No. of
(o)Reading (in.) Poem1

(H)__ _ _ _ _ _ _ _ _ _ _ _ _

I 64 .051 1
23 52 I.052 1___

1 3 J 62 77050 1
4__75_ .0511

8 .050 1

7 81 .052 1
8 73 .0.1 i
9___ 76 .050 1 I , 

H 7
_10 70 .051 1 v.s7

Respectfully Submitted

CINCINNATI TESTING LABORATORIES, INC.
417 NORTHLAND ROAD

CINCINNATI, OHIO 45240

Test RechBican:lman Approved: _
R.6 0uh l a . Browning

K-6*.



CUSTOMER: Boeing Vertol Company Date: January 22, 1980
Material: SP250-E-33 W-456, Lot 7, Jumbo 50 (Panel No. 3 wedge section)

Specification: ASTM D785-65

Pro-Conditioning. 40 hrs./23 C/50% R.II.

Test Condition: 23 C/50% R.H.

Specimen Size: 5 7/8" x 18 1/2"

Scale: 14 Penetrator: Load: 1 00 Kg.
1/4" ballI

I Hardness Thickness No o
Specimen Neao. of

I (No.) Reain (in.) Pieces_ _ __ __ _ __ _

196 I.096 1
291 .0911

3____ 94___ _ .088 1

4 101 .094 1
5 I104 .092 1 j

699 .1041

7 98 .098
9_2 .092 .. 1.4

9 1 97 .094___ 1

10~ 90 .089 1___AgH 9

Respectfully Submitted

CINCINNATI TESTING LABORATORIES, INC.
417 NORTHLAND ROAD

CINCINNATI, OHIO 45240

Test Technic ian* Approved: 1 Qi
R. Bushel1man K-7 D. Browning (



TEST REPORT

CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

ROCKWELL HARDNESS

CUSTOMER: Boeing Vertol company Date: January 22, 1980
Material: SP250-E-33 W-456, Lot 7, Jumbo 50 (Panel No. 3A wedge section)

Specification: ASTM D785-65

Pre-Conditioning. 40 hrs./230 C/50% R.H.

Test Condition: 23 C/50% R.H.
specimen Size: 5 7/8"1 x 18 1/2"

Scale: "M Penetrator: Load: 100 Kg.
1/4"' ball

Specimen Hardness Thickness No. of
No) i Reading - j i. i e s(No. I H) _ _ _ _ _

2 921 . .0916

4 . 104 .102 1

5 103 .0951

61 100 .0881

7 99 .0871

8 89 .093 1

94 .08 vg H 9
10 91 .102 Zi vgN 9

Respecfully Submitted

CINCINNATI TESTING LABORATORIES, INC.E l
417 NORTHLAND ROAD

CI NCI NNATI. OHIO 45240

TTe hncin: Approved:-(iiR. Bushelman K-8 D. Browning



CUSTOMER: Boeing Vertol Company Date: January 22, 1980
Material: SP250-E-33 W-456, Lot 7, Jumbo 50 (Panel No. 4 wedge section)

Specification: ASTM 0785-65

Pre-Conditioning. 40 hr's./23 ° C/50% R.H.

Test Condition: 23 C/50% R.H.

SpecimenSize: 5 7/8" x 31 1/2"

Scale: M Penetrator: Load: 100 Kg.
1/4" ball

Specimen Hardness 1 Thickness No. of

(No.) Reading (in.) Pieces

1 7 .0521

2 86 .051 1

3 76 .050 1
4 74 .050 1 1

5 85 .051 1
6 74 .050 1

* 7 87 .051 1

8 93 .052 1

9 92 .052 1
10 I

10 81 .051 1 Avg.H 82

Respectfully Submitted

CINCINNATI TESTING LABORATORIES, INC.
417 NORTHLAND ROAD

CINCINNATI, OHIO 45240

Test Technician: App _____

R. Bushelman K-9 D. Browning

V- ~ *



CUSTOMER. Boeing Vertol Company Date: January 22, 1980
Material: SP250-E-33 W-456, Lot 7, Jumbo 50 (Panel No. 4A wedge section)

Specification: ASTM D785-65

Pre-Conditioning. 40 hrs./230 C/50% R.H.

Test Condition: 23 C/50% R.H.
Specimen Size: 5 7/8 4 x 31 1/2"
Scale: M Penetrator: Load: 100 Kg.

1/4" ball

SpcMe jHarin ~ Thickness No. of
meo) Reading fin.) Pieces

1 92 I .051 I 1 I
2 i

2 90 .0501

3 82 .0521
4___ 94 .0521

589 .051 4 1
6 91 .050 I 1

7__ 85 L. 0 5 0  1j

886 .052 1
99 4 .0 5 1 A v . H8

10 91 .051 jAg.m 8

Respectfully Submitted

CINCINNATI TESTING LABORATORIES, INC.
417 NORTHLAND ROAD

CINCINNATI, OHIO 45240

Test echncian _____________Approved:___Test Technician-R. Bushelman AKp-1e0 D.Bonn



* CUSTOMER: Boeing Vertol Company Date: January 22, 1980
Material: SP250-E-33 W-456, Lot 7, Jumbo 50 (Panel No. 5 wedge section)

Specif ication: ASTM D785-65

Pro-Conditioning: 40 hrs./23 C/50% R.H.

Test Condition: 23 C/50% R.H.

Specimen Size: 5 7/8" x 31 1/2"

Scale: M Penetrator: Load: 1 00 Kg.
1/4" ball

Specimen f Hardness Thickness No. of
(No.1 Reading ( .
_________~ (in. Pieces_ _ _ _ __ _ _ _ _ __ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _

a* 9 f.02a- 1
2___ 1040 .1092 1

3 99 1093 1
6 198 .042

7___ 90 1 .096 1
8 105 .091

9 95 .089 1
10 92 .097 t 1 A7v. H 9 7

Respectfully Submitted

CINCINNATI TESTING LA BORA TORIES, INC.
417 NORTHLAND ROAD

CINCINNATI, OHIO 45240

Test Techncishe-,mAn Approved: ~ ''A

R.K-lilma D. Browning

K -11. .



CUSTOMER: Boeing Vertol Company Date: January 22, 1980
Material: SP250-E-33 W-456, Lot 7, Jumbo 50 (Panel No. 5A wedge section)

Specification: ASTM D785-65

Pre-Conditioning: 40 hrs./23 C/50% R.H.

Test Condition: 230 C/50% R.H.

Specimen Size: 5 7/8" x 31 1/2"

Scale: M Penetrator: Load: 100 Kg.
1/4" ball

Specimen Hardness Thickness No. of
(No.) Reading (in.) Pieces(No.) H)

1 99 .0B9 1

2 ' .096 1

3 96 .103 1

4 100 .094 I 1

1 98 .092 1

6 80 .096 .1

7 92 .087 1

_ _ 99 .103 1
9 100 .095I

10 98 .092 Av. H- 96

Respectfully Submitted

CINCINNATI TESTING LABORATORIES, INC.
417 NORTHLAND ROAD

CINCINNATI, OHIO 45240

Test TechnicianR. Approved: D. Browning Q
K-12 D B,

________________________.___________



APPENDIX L

FATIGUE DATA

FATIGUE (*45*)

CUSTOMER: Boeing Vertol Company Date: January 22, 1980

Material: SP250.E-33 W-456, Lot 7,Jumbo 50 R..Ratio: 0.10

TypeTast: Tension-Tension Pro-Conditioning:40 hrs/23*C/50%RH

Frequency: 1800 CP?4 TestCondition: 23-C/50% R.H.

Specimen Type: Figure 5 Test Equipment: Satec SF-lU

Specification: BMS 8-196A S/N 1131*

Max. Static Dynamic Width Thickness
?ec.Pane Streaw Stress Stress Cycles x 103  (in.) (in.) Remarks

(No.)(No. (KSI) _______ (KSlJ _ _ _ _ __ _ _ _ _ _ _ _

1-F 2 11.11 6.11 5.00 30 .990 .063 Failure

?a-F 2 11.11 6.11 5.00 45 .995 .061 Failure

3-F, 4 10.22 5.62 4.60 552 .995 .069 Failure

4-F 4 10.22 5.62 4.60 1,370 .993 .070 Failure

5-F 4A 9.33 5.13 4.20 3,875 .9 95 .069 Failure

5-F 4A 9.33 5.13 4.20 1,532 .994 .070 Failure

7-F 2...A. .78L.Z 4.28 3.50 *12,809 .992 .061 Run-out

84F 2A 7.78 4.28 3.50 *10,088 .990 .059 Run-out

NOTE: All specimens are from constant thickness section
*No Failure

L- 1
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FATIGUE (0")

!- I
CUSTOMER: Boeing Vertol Company Date: January 22, 1980

Material: SP25Q-E-33 W-456, Lot 7, Jumbo 50 RL Ratio- 0.10

Type Test: Tension-Tension Pre-Conditioning40 hrs/23 ° C/50% R.

Frequency: 1800 CPM Test Condition: 23° C/50% R.H.

Specimen Type: Figure 5 Test Equipment: Satec SF-lU

Specification: BMS 8-196A S/N 1131

Max. Static Dynamic Failure j Width Thicknessp P Stress Stress Stress Cycles x 103  (in.) (in.) Remarks

i-A 2 62.22 34.22 28.00 374 .498 .052 Wedge Section

2-A 4 48.89 26.89 22.00 7,887 .497 .051 Wedge Section

13-A 4 71.11 39.11 32.00 2 .500 .051 Wedge Section

I-A 4-A 62.22 34.22 128.0 103 .497 .051 Wedge Section

5-A 4-A 71.11 39.11 32.00 .9. 500 ,048 Wdqe Section

i-A 2-A. 48.89 26.89 2.00 4,251 .500 .050 Wedge Section
Constant

17-A 2 80.00 44.00 36.00 6 .500 .045 Thick.Section I

3-A 4 80.00 44.00 36.00 3 .502 .043 Thick.Section

L-3

.. A.
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APPENDIX M

RF CURED LAMINATE MECHANICAL PROPERTIES

N-1

Alt=



3n

3W = No. 3 Section of Wedge Panel

5W = No. 5 Section of Wedge Panel

SAW - No. 5A Section of Wedge Panel

3AW = No. 3A Section of Wedge Panel

M-2
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TEST REPORT

CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

SHORT BEAM SHEAR

CONTROL

* DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

* MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A TEST SPEED: .05 in. /Min.

PRE CONDITIONING: 30 Min. @ -65" F LID RATIO: 5/1
TEST CONDITION: -650 F LOAD POINTS RADIUS: Nose 1/8"

Supports 1/16
SPECIMEN SIZE: 1/4" x 7/8"

$PAN: .500"

S 3P PS
4bd

Specimien Thickness-d Width-b Break Load Shear Strength
(No.) -(In.) (In.) (Lbs.) P S (PSI)

9(3W) .098 .251 400 12._200

2 3(3W) .102 .251 465 13,620

36 (5W) .109 .29369 10.flfl

49 (5AW) .104 .252 452 12,930

5 3(5AW) .106 .251 440 12,400

65 (5AW) .107 .249 392_ 11-01~0

92 (3AW) .097 .248 436 13,590

AVG.

__ _ __ _ _.103 _ _ _ _ _ j_ _ _ _ _ _ __12,400

T.--st T"'Thnician: Approved:_
T. Burns M-3 D. Browning



3W = No. 3 Section of Wedge Panel

5W = No. 5 Section of Wedge Panel

5AW = No. 5A Section of Wedge Panel

3AW - No. 3A Section of Wedge Panel

M-4
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TEST REPORT

CINCINNATI TESTING LABORATORIES, INC.

k REPORT NO. -_T I -340 5

H SHORT. BEAM SHEAR

CONTROL

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company
M4ATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50
SPECIFICATION: BMS 8-196A TEST SPEED: .05 in./Min.
PRE CONDITIONING: 40 hrs./23 C/50% R.H. LID RATIO: 5/1
TEST CONDITION: 23 0C/50% R.I1. LOAD POINTS RADIUS Nose 1/8"1

SPECIEN SZE: /4" Supports'1/16"
SPECMEN IZE: 1/4"x 7/8"

SPAN: .500"

S _3P PS

Specimen Thickness-d Width-b Break Load Shear Strength

(No.) (In.) (In.) (Lbs.) P 5 (PSI)

63).106 .251 360.0 10,150

12(3W) .100 .250 298.0 8,940

2 7(5W) .104 .250 343.5 9,910

4 7(5W) .100 .251 314.0 9 .380

6_ 64(5AW) .105 -....2.47 11R-0 i- 35

71 (5AW) .108 .20395.0 1 10,970

7 9(5AW) .102 .22357.5 10,430

8 1 (3AW) .098 .250 370.0 11,330

AVG.
__ __ _ __ _.103 __ _ _ _ _ _ _ _ _ _ _ _10,180

T' st Technician: __Approved: 4P1S -(CWil
<Bus helman 0- D Browning

.V .- . ....._ _ . p



3W z No. 3 Section of Wedge Panel

5W - No. 5 Section of Wedge Panel

5AW No. 5A Section of Wedge Panel

3AW = No. 3A Section of Wedge Panel

M-6
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TEST REPORT

O CINCINNATI TESTING LABORATORIES, INC.

RiEPORT NO. TI-3405

SHORT BEAM SHEAR

CONTROL
DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A TEST SPEED: .05 i.n./Min.

PRE CONDITIONING: 30 Min. @ 180* F LID RATIO: 5/1

TEST CONDITION: 180* F LOAD POINTS RADIrJS:Nose 1/8 "

SPECIMEN SIZE: 1/4" x 7/8" Spot /6

SPAN: .500",

4bd

Specimen Thickness-d Width-b Break Load Shear Strength
(No.) (In.) (In.) (Lbs.) P S (Psi)

11(3W) .102 .251 205.0 6010

14 (3W)- .096 .251 251.5 7830

17 (3W) .098 .246 224.5 6980

25(5W) .105 .250 277.0 7910

30(5W) .106 .252 278.0 7810

40 (5W) .108 .26275.5 7780

50 (5AW) .105 .20256-0 ___________

88 (3 AW) .098 .249 229.0 7040

AVG.

________.102 7330

Test Technician: _______Approved: Bonn



3W a No. 3 Section of Wedge Panel

5W = No. 5 Section of Wedge Panel

SAW = No. 5A Section of Wedge Panel

3AW = No. 3A Section of Wedge Panel

M-8



TEST REPORT

OJ CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI -3405

SHORT BEAM SHEAR

OIL SOAK*

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A TEST SPEED: .05 in./Min.

PRE CONDITIONING: 30 Min. @~ -65OF L/D RATIO: 5/1

TEST CONDITION: -65* F LOAD POINTS RAIUS:NSort 1/ 6
SPECIMEN SIZE: 1/4"1 x 7/8"

SPAN: .500"

*Immersed 7 days in Mi1-H-83282 hydraulic fluid @ 160 F,

S = 3 PSI removed and MEK wiped.

4bd

Specimen Thickness-d Width-b Break Load Shear Strength

(No.) (In.) (In.) (Lbs.) P 5 (PSI)

15 (3W) .095 .249 367.0 11.640

22 (3W) .102 .250 478.0 1 14,060

38 (5W) .102 .249 397.0 11,720

55 (5Aw) .107 .251 486.5 13,590

59 (5AW) .106 .250 370.5 10.490

63 (SAW) .106 .251 361.0 10,180______

72 (SAw) .111 .28439-5 1-7

75 (3AW) .103 .250 396.0 11,530_______

AVG.

1 .104 1__ __ _ __ _1___ __900__ _ __

Test T.?-chnician: ___Approved: Bronin JItU-41

M___9



3W = oI eto o e ae

3W - No. 3 Section of Wedge Panel

SW = No. SA Section of Wedge Panel

3AW - No. 3A Section of Wedge Panel

M- 10



TEST REPORT

", CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

SHORT BEAM SHEAR

OIL SOAK*

DATE: January 22, 1980

CUSTOM1ER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A TEST SPEED: .05 in./Min.

PRE CONDITIONING:30 Min. @ 236C/50% R.H.L/D RATIO: 5/1 Nose 1/8"

TEST CONDITION: 230 C/50% R.H. LOAD POINTS RADIUS: Supprts 1/16"

SPECIMEN SIZE: 1/4" x 7/8"

SPAN: .500"

*Immersed 7 days in Mil-H-83282 hydraulic fluid @ 160 ° F, removed

S = 3P SI and MEK wiped.
4bd

Specimen Thickness-d Width-b Break Load Shear Strength
(No.) (In.) (In.) (Lbs.) P S (PSI)

3 43W.107 .251 362.0 10,110

19 3W) .098 .251 322.5 9,830

24 (3W) .099 .250 337.5 10,230

32 (5W) .106 .250 331.0 9,370

35 (SW) .109 .254 293.5 7,950

57 (SAW) .108 .251 375.5 10,390

60 (5AW) .107 .250 310.0 R _rqf

90 (3AW) .099 .248 301.5 9,210
SAVG.

.104 9,470

stT.echnian Approved:

R. Bushelman M-1l D. Browni-ng



SW aN.5SetojfWeg ae

SW a No. 5A Section of Wedge Panel

5AW = No. 5A Section of Wedge Panel

M- 12



TEST REPORT

O CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI -3405

SHORT BEAM SHEAR

OIL SOAK*

/DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50
SPECIFICATION: BMS 8-196A TEST SPEED: .05 in.IMin.

PRE CONDITIONING:30 Min.@1809 F LID RATIO: 5/1Noe18
TEST CONDITION: 180* F LOAD POINTS RADIUS: uprsl/6

SPECIMEN SIZE: 1/4" x 7/8"

SPAN: .500"

*Immersed 7 days in tMil-H-83282 hydraulic fluid @ 160 F,
3P removed and MEK wiped.

S = -;dP SI1

Specimen Thickness-d Width-b Break Load Shear Strength

(No.) (In.) (In.) (Lbs.) P 5 (PSI)

31 (5W) .108 .250 283.5 7880

42 (5W .107 .23299.0 8280

51 (SAW) .105 .251 291.0 8280

58 (5AW) .104 .251 260.0- 7470

61 SAw) .107 .253 285.0 7900

67 (SAW) .099 -.....1248..~ 7A- n ~ nn

74(A).105 .252 259.5 7360

91 P3AW) .099 .254 227.0 6770

IAVG.
__ _ _ _ _ _.104 _ __ __ _ _ _ _ _ _ _ __ - 7840

Teist Technician: Approved: 49
e. 1-em an M-13 0. Browning

..............W.



3W - No. 3 Section of Wedge Panel

5W = No. 5 Section of Wedge Panel

5AW -No. 5A Section of Wedge Panel

3AW = No. 3A Section of Wedge Panel

M-14



TEST REPORT

CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

SHORT BEAM SHEAR

WATER BOIL*

£i DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A TEST SPEED: .05 in./Min.
PRE CONDITIONING: 30 Min. @ -65* F L/D RATIO: 5/1

TEST CONDITION: -65 F LOAD POINTS RADIUS: Nose I/8"
Supports 1/16"

SPECIMEN SIZE: 1/4" x 7/8"

SPAN : .500"
*2 hrs. in boiling distilled water

3PS = 3P PSI
4bd

I Specimen Thickness-d Width-b Break Load Shear Strength

(No.) (In.) (In.) (Lbs.) P S (PSI)

I (3W) .105 .252 426 ... . 12 7
18 OW) .098 .249 428 13,150

2 28 (5W) .106 .251 500 14.090

29 (5W) .105 .251 45S 13,030

37 (W) .104 .249 320 9,270

_ 48 (5W) .102 .251 410 12-in

52 (5AW) .105 .252 460 13.040

80 (3AW) .100 .247 468 14,210

AVG.

_ _.103 12,610

Test Technician: , Approved: -__ -___ 7_

R. Bushelman M-15 D. Browning

.I . ... . . ... . -AI ll - -- •



I7I

3W =No. 5 Section of Wedge Panel

5AW aNo. 5A Section of Wedge Panel

3AW No. 3A Section of Wedge Panel

M-16
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TEST REPORT

O CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

SHORT BEAM SHEAR

WATER BO0IL*

* DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company
MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A TEST SPEED: .05 in. /Min.

PRE CONDITIONING:30 Min.@ 230C/50% R.H. LID RATIO: 5/1

TEST CONDITION: 230 C/50% R.H. LOAD POINTS RAOILJS:Nose 1/8!'
SPECIMEN SIZE: 1/4" x 7/8" Spot /6

SPAN: .500"

*2 hrs. in boiling distilled water

S=3P PSI

Specim~en Thickness-d Width-b Break Load Shear Strength

(No. ) (In.) (In.) (Lbs.) P S (PSI)

7O).103 .252 290.0 8380

8 3).102 .251 264.0 7730

62 (5AW) .107 .251 264.5 7390

70 (5AW) .1 06 .252 350.0 9830

7 3(3AW) .107 .247 288.5 8190

78 (A).105 .251 327.5 9320

86 (3AW) .096 .247 299.0 9460

9 6(3AW) .099 .253 264.5 7920

AVG.

__ _ __ _ _.103 __ _ _ _ _ _ _ _ _ _ _ _8530

Tes;t Technician: Approved: 0__ ,
R. Bushelman M-17 D. Browning



5W = No. 5 Section of Wedge Panel

5AW = No. 5A Section of Wedge Panel

3AW - No. 3A Section of Wedge Panel

M-18
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TEST REPORT

CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

SHORT BEAM SHEAR

WATER BOIL*

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A TEST SPEED: .05 in./Min.

PRE CONDITIONING: 30 M4in. @ 180* F LID RATIO: 5/1

TEST CONDITION: 180" F LOAD POINTS RADIUS: Nose 1/8"

SPECIMEN SIZE: 1/4" x 7/8" Spot /6

SPAN: .500"
*2 hrs. in boiling distilled water

S 3P PS
4bdPS

1Specimen Thickness-d Width-b Break Load Shear Strength
(No.) (I. I. Ls)PS (PSI)

34 (5W)____ .110 .251 171.5 _ 4660

4(5).095 .251__19 ___0 6160

46 (5W) .101 .252 213.5 6290

54 (5AW) .106 .250___ 241.5__ 6830

69 (5AW) .109 Z9236.0 6520

76 (3PW) .108 .252 208.0 5730

843W.098 .24 164.5 5030 ___

95 (3AW) .098 .252 208.5 6330

AVG .. 1 35 
0

Test Technician: __Approved: otrwnn



3W = No. 3 Section of Wedae Panel

5W a No. 5 Section of Wedge Panel

3AW a No. 3A Section of Wedge Panel

M-20
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TEST REPORT

CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

SHORT BEAM SHEAR

TEMPERATURE EXPOSURE*

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A TEST SPEED: .05 in./Min.0

PRE CONDITIONING: 30 Min. @ -65 F LID RATIO: 5/1

TEST CONDITION: -65 F LOAD POINTS RADIUS: Nose 1/8."" Supports 1/16"

SPECIMEN SIZE: 1/4" x 7/8"

SPAN: .500"
o

*1000 hrs. 9 180 F in a horizontal position

3P
S = - PSI4bd

Specimen Thickness-d Width-b Break Load Shear Strength
(No.) (In.) (In.) (Lbs.) P S (PSI)

2 (3W) .108 .248 438.0 12.260

4 (3W) .106 .251 498.5 14,050

5 (3W) .107 .254 447.5 12,350

21 (3W) .096 .252 412.0 12,770

33 (5W) .107 .251 416.0 11,620

89 (3AW) .099 .249 429.5 13,070

93 (3AW) .099 .251 333.0 10,050

94 (3AW) .099 .248 374.0 11,420

AVG.

.103 12,200

Test Technician: Approved: ----
uM-21

',;t,%, -., _ .:.. . ......... " ' ' "



3W = No. 3 Section of Wedoe Panel

5W = No. 5 Section of Wedqe Panel

5AW = No. 5A Section of Wedge Panel

3AW = No. 3A Section of Wedge Panel

M-22



TEST REPORT

OI CINCINNATI TESTING LABORATORIES, INC.
I0

REPORT NO. TI-3405

SHORT BEAN' SHEAR

TEMPERATURE EXPOSURE*

4 DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A TEST SPEED: .05 in./Min.

PRE CONDITIONING: 30 Miln. @ 230C/50% R.H.L/D RATIO: 5/1Noe18
TEST CONDITION: 230 C/50% R.H. LOAD POINTS RADIUS:supports 1/ 16
SPECIMEN SIZE: 1/4"1 x 7/8"

SPAN: .500",

*1000 hrs. @ 180 F in a horizontal position

S 3P PS

Specimen Thickness-d Width-b Break Load Shear Strength
(No.) (InE.) (In.) (Lbs.) P 5 (PSI)

10 ('. -103 .252 318.0 9-190

13 (3W) .096 .249 323.0 10,130

26(S .103 .247 375.5 11,070

*44 (5W) .094 .251 365.5 11,620

*45(5W) .095 .23336.0 10,480
68 (5AW) .105 1 .250 342.0 9 .770

83(3AW) .100 .249 328.5 9,890

85 (3AW) .095 .251 319.5 10,050

AG_.099 
_______ 

__10,280

Test Technician: ~ proved: _

R. Bushelman M-23 D. Browning



3W - No. 3 Section of Wedge Panel

SW - No. 5 Section of Wedge Panel

5AW a No. 5A Section of Wedge Panel

3AW aNo. 3A Section of Wedge Panel

M-24



TEST REPORT

CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

a SHORT BEAM SHEAR

TEMPERATURE EXPOSURE*

aDATE: January 22, 1980

CUSTOMER: Boeing Vertol Company
MATERIAL: SP250-E-33 W-456, Lot 1, Jumbo 50
SPECIFICATION: BMS 8-196A TEST SPEED: .05 ifl./Min,.

PRE CONDITIONING: 30 Min. @ 1800 F LID RATIO: 5/1

TEST CONDITION: 180* F LOAD POINTS RA.DIUS:Nose1/0

SPECIMEN SIZE: 1/41' x 7/8"uprt3/6

SPAN: .500"

*1000 hrs. @ 180 F in a horizontal position

S=3P PS
5 4bd PS

Specimen Thickness-d Width-b Break Load Shear Strength
(No.) (in.) (In.) (Lbs.) P S (PSI)

16 (3w) .099 .251 244.0 7360

3(5).101 .250 275.5 8180

41 (5W) .107 .249 302.0 8500

56 (SAW) .107 .247 302.5 8580

66 (5AW) 1 .105 .250 285.0 8140

77 UAW) .106 .251 294.5 8300

82 (3AW) .100 .248 279.5 85

87 (3AW) .096 .250 253.0 7910

AVG.
______ 103 8180

Teist Technician: Approved:_

R. Bushelman M-25 0. Browning (



3AW - No. 3A Section of Wedge Panel

1CT - No. 1 Section of Constant Thickness Panel

3CT - No. 3 Section of Constant Thickness Panel

M4-26



TEST REPORT

O CINCINNATI TESTING LABORATORIES, INC.

TI-3405
REPORT NO.

FLEXURAL STRENGTH
SCONTROL

DATE: January 22, 1980
I

CUSTOMER: Boeing Vertol Company

MATERIAL: .SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A SUPPORT RADIUS: i/8"
0

PRE CONDITIONING: 30 Min. @ -65 F NOSE RADIUS: 1/8"

TEST CONDITION: -65' F TEST SPEED: .04 in/min

SPAN (L) 1.5 L/d RATIO: 17/1 SPECIMEN LENGTH: 4"

S a Flexural Strength in PSI

3PL2  EB Modulus of elasticity in PSI x 106
2bd P Break load in lbs.

Modulus of Elasticity (EB) = L- 3  b = Specimen width in inches

d = Depth of beam in inches

L = Span in inches

m = Initial slope of load-deflection curve
in lbs./in.

Specimen S d b P m EB
(No.) (PSI) (In.) (In.) (Lbs.) (Lbs. /In.) (PSI x 10')

41 (3AW) 269,740 .097 1.000 1128 5581 5.16

53 (lCT) 259,520 .090 1.004 938 4503 1 5.19

59 (ICT) 235,270 .086 1.006 778 3928 5.18

69 OCT) 240.010 .091 1.003 RRr 4 _ _ a

72 (3CT) 264,180 .090 1.001 952 4453 5.15

80 (3CT) 263,340 .089 1.001 928 4388 5.25

82 (3CT) 303,530 .083 1.005 934 5031 7.39

94(3CT) 272,840 .085 0.993 870 4131 5.72

* AVG. _ _ __ _ ___263,550 .089 
5.49

Test Technician: . /_ d ., Approved: _____________

R. Bushelman M-27 D. Browning

. .



5W = No. 5 Section of Wedge Panel

SAW = No. 5A Section of Wedge Panel
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TEST REPORT

0 CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

4 FLEXURAL STRENGTH

CONTROL

T DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A SUPPORT RADIUS: 1/8"

* PRE CONDITIONING: 40 hrs./23°C/50% R.H. NOSE RADIUS: 1/8"0

TEST CONDITION: 23 C/50% R.H. TEST SPEED: .04 in/min

SPAN (L) 1.6 L/d RATIO: 15/1 SPECIMEN LENGTH: 4"

S a Flexural Strength in PSI

Flexural Strength : 2 Modulus of elasticity in PSI x 106
2bd P reak load in lbs.

Modulus of Elasticity (EB) L b = Specimen width in inches

d - Depth of beam in inches

L a Span in inches

m - Initial slope of load-deflection curve
in lbs./in.

Specimen S d b P m EB
(No.) (PSI) (In.) (In.) (Lbs.) (Lbs./In.) (PSI x 106)

l0 (Sw) 205.640 .107 .999 980 6316 5.28

* 13 (SW) 186,300 .108 .994 900 6316 5.17

20 (5W) 191,580 .103 .999 846 5825 5.46

23(5AW) 193,270 .108 .988 928 6630 5.45

24(5AW1 187,430 .109 .998 926 6780 5.37

25 (SAW) 183,820 .107 .983 862 6383 5.43

29 (5AW) 196,550 .107 .994 932 6366 5.35

30 (SAW) 180,460 .107 .999 860 6434 5.38

AVG. 190,630 .107 5.36

Test Technician: Approved: A, 3 /?W -
R. Bushelman M-29 0. Browning

7 I b'ubo".. • -a " o ,



-T - No. I Secio of Costn ThicknessPanel

iCT a No. 1 Section of Constant Thickness Panel

M- 30
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TEST REPORT

O CINCINNATI TESTING LABORA TORIES,,INC.

REPORT NO. T I-3405

a FLEXURAL STRENGTH

CONTROL

4 DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A SUPPORT RADIUS: 1/8"

PRE CONDITIONING: 30 Min. @ 180* F NOSE RADIUS: 1/8"

TEST CONDITION: 180 F TEST SPEED: .04 in/min

SPAN (L) 1.5 L/d RATIO: 17/1 SPECIMEN LENGTH: 4"

S = Flexural Strength in PSI

Flexural Strength (=) 3PL E Modulus of elasticity in PSI x 106
2bd P a Break load in lbs.

Modulus of Elasticity (E-B 4b-' b = Specimen width in inches

d = Depth of beam in inches

L = Span in inches

m = Initial slope of load-deflection curve
in lbs./in.

Specimen S d b P m EB
(No.) (PSI) (In.) (In.) (Lbs.) (Lbs./In.) (PSI x 106)

4 45 (1CT), 153,700 .085 1.005 496 4110 5.62

46 (ICT) 164,620 .087 1.004 556 4762 6.08

63 (CT) 157,110 .089 0.998 552 4688 5.62

65 (lC1) 154.380 .088 1.005 534 4528 5.58

76 (3CT) 160,030 .088 1.004 553 4563 5.63

88 (CT) 158,430 .080 1.003 452 3448 5.67

90 (3CT) 140,480 .086 0.994 459 3960 5.29

92 9_3CT) 157,060 .084 1.007 496 4054 5.73

AVG.
AVG. 155,730 .086 5.65

Test Technician: W Approved: k 9 , L # ir
R. Bushelman M-31 D. Browning



3W = No. 3 Section of Wedge Panel

5W = No. 5 Section of Wedge Panel

ICT = No. 1 Section of Constant Thickness Panel

3CT = No. 3 Section of Constant Thickness Panel

M-32



TEST REPORT

0' CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

FLEXURAL STRENGTH

OIL SOAK*

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A SUPPORT RADIUS: 1/8"
0

PRE CONDITIONING: 30 Min. @ -65 F NOSE RADIUS: 1/8"
TEST CONDITION: -65 F TEST SPEED: .04 in/min

SPAN (L) 1.5 L/d RATIO: 16/1 SPECIMEN LENGTH: 4"

S = Flexural Strength in PSI

Flexural Strength (S) 3PL E 8 = Modulus of elasticity in PSI x 10'
P2 P = Break load in lbs.

Modulus of Elasticity (E B) = Tb-3  b = Specimen width in inches

d = Depth of beam in inches

*Immersed 7 days in Mil-H-83282 L = Span in inches
hydraulic fluid @ 160 F, m = Initial slope of l0ad-deflection curve
removed and MEK wiped. in lbs./in.

Specimen S d b P m EB
- (No.) (PSI) (In.) (In.) (Lbs.) (Lbs./In.) (PSI x 10')

5 (3W) 203,770 .100 0.996 902 5769 4.89

17 (Sw) 245,860 .102 1.001 1138 6667 5.30

48 (1CT) 246,610 .089 1.009 876 4651 5.52
67 (ICT) 260,340 .091 1.004 962 4743 5.29

73(.CTi 268,270 .089 1.008 952 4706 5.59

77 (3CT) 273,410 .084 1.003 860 4196 5.96

81 (3CT)- 251,490 .089 1.003 888 4706 5.62

9 3 (gCx 253,820 .086 0.990 826 4040 5.41
* AVG.A 250,450, .091 

5.45

Test Technician: Approved: r

R. Bushelman M-33 0. Browning



5W No. 5 Section of Wedge Panel

5AW - No. 5A Section of Wedge Panel

ICT = No. 1 Section of Constant Thickness Panel

M-34
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TEST REPORT

CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405
S

* FLEXURAL STRENGTH

OIL SOAK*
* DATE:- January 22, 1980i

CUSTOMER: Boeing Vertol Company

MATEIIAL: SP250-E-33 W-456, Lot 7, Jumbo 50
SPECIFICATION: BMS 8-196A SUPPORT RADIUS: 1/8"

PRE CONDITIONING: 30 Min. @ 23 C/50% R.H. NOSE RADIUS: 1/81"
TEST CONDITION: 23 C/50% R.H. TEST SPEED: .04 in/min
SPAN (L) 1.6 L/d RATIO: 16/1 SPECIMEN LENGTH: 4"

S % Flexural Strength in PSI
3PLe EB = Modulus of elasticity in PSI x 106Flexural Strength (S) = -d2

P Break load in lbs.

Rodulus of Elasticity (E8) L b-3 b Specimen width in inches
d =Depth of beam in inches

*tmmersed 7 days in Mil-H-83282

hydraulic fluid @ 160 ° F, L Span in inches
removed and MEK wiped. m Initial slope of load-deflection curve

in lbs./in.

Specimen S d b p m EB
(No.) (PSI) (In.) (In.) (Lbs.) (Lbs./In.) (PSI x 10')

J14 (5w) 172,090 .108 0.990 - 828 6557 5.38

22 ]gl 167.37370 11 0.991 914 7500 5.10

33 (.SAW)} 168,470 .106 0.994 784 6283 5.43

51 (rT)1 211,260 .090 1.007 718 4301 6.00

54 OCT) 192.770 .090 0.996 648 4068 5.74

55 (]CT) 196,990 .088 0.999 635 3810 5.73

57 (ICT)l 209,020 .089 1.006 694 4138 5.97

70 (ICT) 190,730 .092 1.002 674 4563 5.99
AVG.

188,590 .097 _ 5.67

Test Technician: Approved: _

R.- Bushelman M-35 D. crowning

;V" .. ".... .. ,. . . .



ICT = No. 1 Section of Constant Thickness Panel

3CT - No. 3 Section of Constant Thickness Panel

M-36
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TEST REPORT

*0 CINCINNATI TESTING LABORATORIES, INC.

4 REPORT NO. TI-3405

* FLEXURAL STRENGTH

$ OIL SOAK*
* DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

SMATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A SUPPORT RADIUS: i/8"

* PRE CONDITIONING: 30 Min. @ 180" F NOSE RADIUS: 1/8"

TEST CONDITION: 180 F TEST SPEED: .04 in/min

SPAN (L) 1.5 LId RATIO: 17/1 SPECIMEN LENGTH: 4"

S - Flexural Strength in PSI

3PL EB = Modulus of elasticity in PSI x 106Flexural Strength (S) = bd
P = Break load in lbs.

L3

Modulus of Elasticity (EB) = Lm3 b = Specimen width in inches

d = Depth of beam in inches
*Immersed 7 days in Mi]-H-83282 L = Span in inches
hydraulic fluid @ 160 F, m = Initial sIope of load-deflection curve
removed and MEK wiped, in lbs.jin.

Specimen S d b P m EB
(No.) (PSI) (In.) (In.) (Lbs.) (Lbs./In.) (PSI x 106)

49 (ICT) 175,240 .086 1.006 579.5 4669 616

56 (ICT) 181,760 .084 1.007 574.0 438 6.19

58 (.CT) 154,270 .091 1.003 569.5 4898 5.47

* 66 (ICT) 156,510 .091 1.006 579.5 5000 5.57

79 (lCT) 156,080 ..90 1,002 563.o 5172 5.98

85 (3CT)i 164,260 .089 1.003 580.0 5042 6.02

87 (3CT). 147,930 .085 1.001 475.5 4633 6.36

96 (3cT) 123,880 .081 0.998 360.5 3209 5.11

AVG.

157,490 .087 5.86

Test Technician: Approved: fl~.A ;~
F sOnanM-37 0. Brow ningC~



3W = No. 3 Section of Wedge Panel

5W = No. 5 Section of Wedge Panel

SAW = No. 5A Section of Wedge Panel I
ICT - No. 1 Section of Constant Thickness Panel

3CT - No. 3 Section of Constant Thickness Panel
M-38



TEST REPORT

CINCINNATI TESTING LABORATORIES, INC.
REPORT NO.- TI-340

* FLEXURAIJ STRENGTH

WATER BOIL*

S DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company
MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50
SPECIFICATION: BMS 8-196A SUPPORT RADIUS: 1/8"

PRE CONDITIONING: 30.Min. @ -65* F NOSE RADIUS: 18

TEST CONDITION: -65 F. TEST SPEED: .04 in/min
SPAN (L) 1.5 L/d RATIO: 15/1 SPECIMEN LENGTH: 4"1

S = Flexural Strength in PSI

Flexural Strength (S 3=1PL2 (E)BE= Modulus of elasticity in PSI X 106
2bd P = Break load in lbs.

Modulus of Elasticity (EB) L b = Specimen width in inches

d = Depth of beam in inches

*2 hrs. in boiling distilled water. L=Sa nice
m = Initial slope of load-def'.ection curve

in lbs./in.

1,pcie _ _ _ __P EB
*~(No.) (PSI) (In.) (In.) (Lbs.) (Lbs. /In.) (PSI X 10')

2 3)224,330 1.101 0.997 1014 5381 4.42

6(3W) 204.580 .102 1.000 946 5357 1 4.26

15(5W) 217,190 .109 1.001 1148 6704 4.36

38 (5AW) 231,400 .108 0.992 1190 6818 4.60

47(lCTI 259,720 .089 1.004 918 4461 5.32

6 2(1 CT) 254.440 .091 1.007 1 943 4669 5.19

64(icr4 264,190 .088 1.003 912 4428 5.47

71 (3CT). 244,610 .092 1.002 922 4959 5 .36

A V .2 3 7 ,5 6 0 .0 9 8 _ _ _ _ _ _ _ _ _ _ _4 .8 7J

Test Technician: 4 2/i1ze . Approved: Of__

R. Bushelman M4-39 D. Browning 4 -
L YTE- - .-..... na...



SW -No. 5 Section of Wedge Panel

SAW - No. SA Section of Wedge Panel

ICT a No. 1 Section of Constant Thickness Panel

3CT a No. 3 Section of Constant Thickness Panel

M4-40
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TEST REPORT

OiCINCINNATI TESTING LABORATORIES, INC.

*REPORT NO. TI-3405

FLEXURAL STRENGTH

WATER BOIL*

U DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A SUPPORT RADIUS: 1/3"1

PRE CONDITIONING: 30 Min. @ 23* C/50% R.H. NOSE RADIUS: 1/1"

TEST CONDITION: 230 C/50% R.H. TEST SPEED: .05 i/i

SPAN (L) 1.6 L/d RATIO: 17/1 SPECIMEN LENGTH: 4"

S = Flexural Strenath in PSI

Flxua Sregh 5)=3PL2  EB = Modulus of elasticity in PSI x 106
2bd P = Break load in lbs.
I 3mModulus of Elasticity (E) -3 b = Specimen width in inches

d = Depth of beam in inches
*2 hrs. in boiling distilled water. L = Span in inches

mn Initial slope of load-deflection curve
in lbs./in.

spec imen j P M EB
(No.) (PSI) (In.) (In.) (Ls) LbIn. (PIx1)

9 (5W) 1~L~72,980 .107 .IL..... 0.984 81- 6122 52

34 (5W 173,360 .10 1,1 774 6283 5.83

I 61 (ICT) 192,760 .089 1.006 640 4027......... .5.81

6(1.r)181 .490 .08 1 0 602 3871 5.59

74 (3CT) 186,280 .093 1 .004 674 4196 5.32

75________ 197,270 .087 1 1.003 624 3738____ 5____80__

78 (3CT) 189,410 .092 1 .006 672 4317 5.64

8 84 -(3CT~ 191,600 .080 .1.006 514 3077 6.12

AV. 185,640 .093 _____________- 5.66 -

Test Technician: Approved: ____________

R. Bushelman M-41 0.Browning



ICT = No. 1 Section of Constant Thickness Panel

3CT * No. 3 Section of Constant Thickness Panel

M-42



TEST REPORT

CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

*FLEXURAL STRENGTH

WATER BOIL*

* DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A SUPPORT RADIUS: 1/8"

PRE CONDITIONING: 30 Min. @ 180 ° F NOSE RADIUS: 1/8"

TEST CONDITION: 180 F TEST SPEED: .04 in/min

SPAN (L) 1.5 L/d RATIO: 17/1 SPECIMEN LENGTH: 4"

S = Flexural Strength in PSI

Flexural Strength (S) = 3PLZ E= Modulus of elasticity in PSI x 106

eua S)P = Break load in lbs.

Modulus of Elasticity (EB) L'm b = Specimen width in inches

d = Depth of beam in inches

L = Span in inches
*2 hrs. in boiling distilled water. m = Initial slope of load-deflection curve

in lbs./in.

Specimen S d b P m B
(No.) (PSI) (In.) (in.) (Lbs.) (Lbs./In.) (PSI x 10')

I 50 (ICT) 131 ,200 .087 1.006 4_44... 4054 5.17

52 (iCT) 141,510 .084 1.005 446.0 4013 5.69

60 (ICT)I 128,130 .090 0.994 458.5 4563 5.31

83 (3CT)I 123,140 .088 1.004 425.5 4317 5.33

86 (3CT) 69,390 .087 0.996 232.5 2941 3.78

89 (3CT) 75,060 .086 0.999 246.5 3158 4.19

91 (3CT)i 85,080 .086 0.994 278.0 3324 4.44

95 (3YT) 88,910 .085 1.000 285.5 3093 4.25

AVG.
1 ,300 .087 4.77

Test Technician: Approved: /0,
R. Bushelman M-43 . rowning

I-...- . - "... .! . .. --r'--



3W z No. 3 Section of Wedge Panel

5W = No. 5 Section of Wedge Panel

5AW = No. 5A Section of Wedge Panel

3AW = No. 3A Section of Wedge Panel

M-44
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TEST REPORT

0. CINCINNATI TESTING LABORATORIES, INC.

f £ REPORT NO. TI-3405

FLEXURAL STRENGTH

TEMPERATURE EXPOSURE*

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A SUPPORT RADIUS: 1/8"0

PRE CONDITIONING: 30 Min. @ -65 F NOSE RADIUS: 1/8"

TEST CONDITION: -65 F TEST SPEED: .05 in/min

SPAN (L) 1.7 L/d RATIO: 16/1 SPECIMEN LENGTH: 4"

S = Flexural Strength in PSI

3PL EB= Modulus of elasticity in PSI x 10"
e) =P = Break load in lbs.

L 3M
Modulus of Elasticity (EB) = L m b = Specimen width in inches

*1000 hrs. @ 180 F in a d = Depth of beam in inches
horizontal position L = Span in in-hes

m = Initial slope of load-deflection curve

in lbs./in.

Specimen S d b P m EB
_____O.) (PSI) (In.) (In.) (Lbs.) (Lbs./In.) (PSI x 10')

4 (3W) 210,650 .098 .997 791 3582 4.69

12 (5W) 230,900 .103 .991 952 4478 5.08

16 (5W) 234,920 .099 .999 902 4096 5.19

21 (5w) 217,750 .113 .996 1086 5455 4.66

26 (5AW) 2.39,520 .106 .993 1048 5021 5.21

31_(SAW) 213,040 .106 .995 934 4898 5.08

_7(5AW) 230,300 .114 .990 1162 5333 4.46

, -U, j 244,220 .094 .995 842 3509 5.21

27,660 .104 4.95

* n A~~~Z~ Approved: ' 3 ~~4
Q. 3ushelman M-45 D. Browning

L Y7



3W = No. 3 Section of Wedge Panel

5W = No. 5 Section of Wedae Panel

5AW = No. 5A Section of Wedge Panel

3AW = No. 3A Section of Wedge Panel

M4-46



TEST REPORT

O0 CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

4 FLEXURAL STRENGTH

TEMPERATURE EXPOSURE*

4 DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

M ATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A SUPPORT RADIUS: 1/8"

' PRE CONDITIONING: 30 Min. @ 23" C/50% R.H. NOSE RADIUS: 1/8"a

TEST CONDITION: 23 C/50% R.H. TEST SPEED: .05 in/min

SPAN (L) 1. 7 L/d RATIO:- 16/1 SPECIMEN LENGTH: 4"

S = Flexural Strength in PSI

Flexural Strength ( = 3PL_ EB = Modulus of elasticity in PSI x 101
P = Break load in lbs.

Mbdulus of Elasticity (E) = L3m b = Specimen width in inches

d = Depth of beam in inches
0

*1000 hrs. @ 180 F in a L = Span in inches
horizontal position m = Initial slope of load-deflection curve

in lbs./in.

Specimen S d b P m EB
(No.) (PSI) (In.) (In.) (Lbs.) (Lbs./In.) (PSI x 10')

1 ,(wi 173.260 ..097 .998 638 3343 4.51

7 (SW) 186,870 .106 .991 816 5455 5.68

11 (5W) 175,700 .106 .992 768 5381 5.59

18 (5W) 183,640 .105 .995 790 5150 5.49

27 (5AW) 177,620 .110 .999 842 5530 5.11

35 (SAW) 182,240 .109 .994 844 5505 5.25

39 (3AW) 190,360 .099 .995 728 4286 5.45

44 (.w _ 193,170 .099 .994 738 4380 5.58

AVG.
182,860 .104 5.33

Test Technician: 6./1 4 Approved: ,, 'A t(.A,. .
R. Bushelman M-47 . urowning "



4

3W = No. 3 Section of Wedge Panel
5W No. 5 Section of Wedge Panel4

SAW - No. SA Section of Wedqe Panel

3AW = No. 3A Section of Wedge Panel

M-48
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TEST REPORT

Oi J CINCINNATI TESTING LABORATORIES, INC.
10

REPORT NO. TI-3405

4 |FLEXURAL STRENGTH

TEMPERATURE EXPOSURE*

* DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company
MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50
SPECIFICATION: BMS 8-196A SUPPORT RADIUS: 1/8"

, PRE CONDITIONING: 30 Min. @ 180 F NOSE RADIUS: 1/8"o

TEST CONDITION: 180 F TEST SPEED: .05 in/min
SPAN (L) 1.7 L/d RATIO: 16/1 SPECIMEN LENGTH: 4"

S = Flexural Strength in PSI
3PL E = Modulus of elasticity in PSI x 10Flexural Strength (S) = ;!-b 2=

P = Break load in lbs.

LlmModulus of Elasticity (EB) = b = Specimen width in inches
0 hd = Depth of beam in inches*1000 hrs. @ 180 F in aL Spnrince

horizontal position L = Span in inches
m = Initial slope of load-deflection curve

in lbs./in.

Specimen S d b P m E B
(No.) (PSI) (In.) (In.) (Lbs.) (Lbs./In.) (PSI x 106)

i 3 (3w) 151.570 .095 1.002 537.5 405 4 5.79

8 (5w) 120.820 .111 0.991 578.5. 5687 5.15

19 (5W) 131,970 .106 0.994 578.0 4938 5.12

28 (5Aw, 128,450 .107 0.997 575.0 5172 5.20

32 ( A 134,300 .105 0.998 579.5 4959 5.27

36 (5AW, 120,300 .111 0.997 579.5 5530 4.98

.A 40 (3AW 148,260 .100 0.995 578.5 4317 5.33

_43- 0AW) 157,050 .097 0.994 576.0 4225 5.72

AVG. _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _

,___AVG. 136,590 .104 . ..._5.32

* Test Technician: Approved: d, ,

,.Bushelman M-49 0. Browning



2W a No. 2 Section of Wedge Panel

4AW = No. 4A Section of Wedge Panel

2AW z No. 2A Section of Wedge Panel

2CT - No. 2 Section of Constant Thickness PanelI

4CT - No. 4 Section of Constant Thickness Panel

M-50



TEST REPORT

Oi J CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

U TENSILE STRENGTH (0)
!4

U
DATE: January 22, 1980

'CUSTOMER: Boeing Vertol Company
MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A

PRE CONDITIONING: 30 Min. @ -65 F

TEST CONDITION: -65 F

SPECIMEN TYPE: Figure 5

TESTING SPEED: .05 in.Imin.

S = Ultimate Tensile Strength in PSI

Tensile Strength () P Sy = Yield Strength in PSI 6
bd Et = Modulus of elasticity in PSI x 10

P = Break Load in lbs.
Modulus of Elasticity (Et) = bd b Specimen width in inchesd = Specimen thickness in inches

Inital Linear Load Y = Strain in in/in

Specimen S Sy P d b Et Elongation
(No.) (PSI) (PSI) (Lbs.) (In.) (In.) (PSI x 106) (%)

3 (2W) 187,940 4730 .052 .484 6.16

6_ (2W) 167,450 4110 .052 .472 6.52

9 4L 175,400 4410 .051 .493 6.38

12 (2AW 178,960 4625 .052 .497 6.39

15 (2AU 165.290 4080 .051 .484 6.62 ._

18 (2CT 186,470 4120 .045 .491 6.87

21 (4CTi 104,040 2440 .047 .499 7.32

24 (4CT 132,880 2935 .044 .502 7.70

AVG. 162,300 6.75

Test Technician: Approved: '
R. Bushelman M-51 D Browning ('

. . .



)I

2W s No. 2 Section of Wedge Panel

4W - No. 4 Section of Wedge Panel

2AW x No. 2A Section of Wedge Panel

4CT - No. 4 Section of Constant Thickness Panel

M-52



TEST REPORT

WJ CINCINNATI TESTING LABORZATORIES, INC.

REPORT NO. TI-3405

TENSILE STRENGTH (0')

DATE: January 22, 1980

'VUSTOMER: Boeing 'Jertol Company
MATERIAL: SP25O-E-33 W-456, Lot 7, Jumbo 50

'SPECIFICATION: BMS 8-196A

PRE CONDITIONING: 40 hrs./23* C/50% R.H.

TEST CONDITION: 230 C/5.O% R.N.

SPECIMEN TYPE: Figure 5
TESTING SPEED: .05 in.Imin.

S = Ultimate Tensile Strength in PSI

Tensile Strength (S) = P Sy = Yield Strength in PSI6bd Et = Modulus of elasticity in PSI x 106
* P = Break Load in lbs.

Modulus of Elasticity (Et) =b = Specimen width in inches
bY d = Specimen thickness in inches

*Initial Linear Load Y= Strain in in/in

Specimen S Sy P d b Et 6 Elongation
(No.) (PSI) (PSI) -(Lbs.) (In.) (In.) (PSI x 10) M%

2 (2W) 134,730 _____ 3470 .051 .505 6.01

5 (2W) 134,740 _____ 3370 .052 .481 6.23 ______

(4W) 125.380 3~Q T .50 6.30

11 (2AY) 139,190 3590 .052 .496 6.04

14 (AW) 159,430 3930 .050 .493 6.32

19 (4CT) 125,900 ____ 2890 .046 .499 6.66

I20 (4CTI j132.040 ____ 2870 .044 .494 6.79

22 (4T)124,290 2880 .047 .493 6.177

AVG. 113440 ___ ____1____ 6.39

Test Technician: Approved: .LA5<LV4j

R. Bushelman M-53 D. Browning

Ahm"



2W = No. 2 Section of Wedge Panel

4W = No. 4 Section of Wedge Panel

4AW = No. 4A Section of Wedge Panel

2AW = No. 2A Section of Wedge Panel

2CT - No. 2 Section of Constant Thickness Panel

4CT a No. 4 Section of Constant Thickness Panel

M-54
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TEST REPORT

* JO CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. ___T_ - 405

4 TENSILE STRENGTH (0.)

I
DATE: January 22, 1980

* CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

* SPECIFICATION: BMS 8-196A
PRE CONDITIONING: 30 Min. @ 1800 F

TEST CONDITION: 180 F

SPECIMEN TYPE: Figure 5

TESTING SPEED: .05 in.Imin.

S = Ultimate Tensile Strength in PSI

Tensile Strength (S) P Sy = Yield Strength in PSI
bd Et = Modulus of elasticity in PSI x 10

P = Break Load in lbs.
Modulus of Elasticity (Et) = bd b = Specimen width in inches

d = Specimen thickness in inches
Y = Strain in in/in',Initial Linear Load

-Specimen S Sy P d b Et Elongation
(No.) (PSI) (PSI) (Lbs.) (In.) (In.) (PSI x 106) (%)

1(2w) 114.050 2920 .051 .502 6.23
4(2W)- 115.180 2890 .051 .492 6.10

8(4W) 1107,960 2665 .051 . 484 5.87

10(4AW) 119,100 3140 .052 .507 5.76

I" 13 (2AW) 112,210 2900 .052 .497 5.89

1 6 2AW) 102,810 2565 .050 .499 5.34

1 7 (2T, 109,310 2430 .0451 .494 6.58

23(4CT) 109,910 2360 .044 .488 6.88

AVG. 111,320 6.08

Test Technician: _ Approved: C. LBron ln9 t
R. Bushelman M-55. Brownin

M -.
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2CT = No. 2 Section of Constant Thickness Panel

4CT = No. 4 Section of Constant Thickness Panel

4ACT = No. 4A Section of Constant Thickness Panel

2ACT - No. 2A Section of Constant Thickness Panel
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TEST REPORT

0 CINCINNATI TESTING LABORATORIES, INC.

4 REPORT NO. TI-3405

I TENSILE STRENGTH (00/90*)

U

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A

PRE CONDITIONING: 30 Min. @ -65 F

TEST CONDITION: -65 F

SPECIMEN TYPE: Figure 5

TESTING SPEED: .05 in.Imin.

S = Ultimate Tensile Strength in PSI

Tensile Strength (S) P Sy = Yield Strength in PSI 6bd Et = Modulus of elasticity in PSI x 10
S* P = Break Load in lbs.P

Modulus of Elasticity (Et) bdY b - Specimen width in inches
d = Specimen thickness in inches

*Initial Linear Load Y = Strain in in/in

Specimen S Sy P d *b Et Elongation1
..(No.) (PSI) (PSI) (Lbs.) ,(In.) (In.) (PSI x 106) (%)

-(2CT1 79,220 5080 .064 1.002 4.44

5(2CT) 79,710 5140 .065 0.992 4.11

1 (4CT) 7 5010 .064 0.997 3.98

14 (4ACT' 75,650 4690 .062 1.000 4.32

16 (4AcT 70,210 4480 .064 0.997 4.15

18(4ACTi 76280 4820 .063 1.003 4.27

19 __A__ T 83,160 5290 .064 0.994 4.32

1 22 (2ACT 64,260 3980 .062 0.999 4.10

AVG. 75,880 4.21

Test Technician: Approved: e __

A I -



2CT = No. 2 Section of Constant Thickness Panel

4CT =No. 4 Section of Constant Thickness Panel

4ACT - No. 4A Section of Constant Thickness Panel
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TEST REPORT

"M CINCINNATI TESTING LABORATORIES, INC.

4REPORT NO. TI-3405

4 TENSILE STRENGTH (00/900)

DATE: January 22, 1980

'CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50

-SPECIFICATION: BMS 8-196A

PRE CONDITIONING: 40 hrs./23 C/50% R.H.

TEST CONDITION: 23* C/50% R.H.
SPECIMEN TYPE: Figure 5

TESTING SPEED: .05 in.Imin.

S = Ultimate Tensile Strength in PSI
TesieStent ()= P Sy = Yield Strength in PSI6
Tesie trngh S) bd Et = Modulus of elasticity in PSI x 1

P = Break Load in lbs.
Modulus of Elasticity (Et) = dY b = Specimen width in inches

bY d - Specimen thickness in inches

',Initial Linear Load Y = Strain in in/in

*Specimen S Sy P d b Et 6 Elongation
(No.) (PSI) (PSI) (Lbs.-) (In.) (In.) (PSI x 10 ) (t)

3(C)72-.640 4440 .061 1.002 3.83______

6 (2CT 6 7,0 40 4340 .065 0.996 3.66 ______

8 (4CT 70,100 _ ___ 4320 .062 0.994 3.96______

9 (4CT'67,290 _ __ 4180 .063 0.986 3.63

* 12 (4CT, 67,730 ____ 4270 .064 0.985 3.44

*15 (4ACT 72,460 4840 .067 0.997 3.69

2 0 (I4ACT 71,390 _ ___ 4320 .061 0.992 3.76______

2 AACT~aL 4450 .064 0.988 3.72 ______

AVG. 169,880 1 _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ __ _ _ _

Test Technician: Approved:Q

M-59
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2CT - No. 2 Section of Constant Thickness Panel

4CT - No. 4 Section of Constant Thickness Panel

4ACT = No. 4A Section of Constant Thickness Panel

2ACT u No. 2A Section of Constant Thickness Panel

M-60
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TEST REPORT

O CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. I -3405

4 TENSILE STRENGTH (0/906)

I

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP250-E-33 W-456, Lot 7, jumbo 50

SPECIFICATION: BMS 8-196A

PRE CONDITIONING: 30 Min. @ 180 ° F

TEST CONDITION: 180 F

SPECIMEN TYPE: Figure 5

TESTING SPEED: .05 in.Imin.

S = Ultimate Tensile Strength in PSI
P Sy = Yield Strength in PSI
bd Et = Modulus of elasticity in PSI x 106

P = Break Load in lbs.
Modulus of Elasticity (Et) = -Y b = Specimen width in inches

d = Specimen thickness in inches

*Initial Linear Load Y = Strain in in/in

Specimen S Sy P d b Et Elon4ation
(No.) (PSI) (PSI) (Lbs.) (In.) (In.) (PSI x 106) (%)

2 (2CT) 66,520 4170 .063 0.995 3.55

4 (2CT) 61,720 3900 .063 1.003 3.43

7(4CT) 58,550 3740 .064 0.998 3.52

L0 (4CT) 64.490 4090 .064 0.991 3.25

4ACT) 61 ,560 3790 .062 0.993 3.41

17 (4ACT) 0 _2_.300 4590 .064 0.992 3.39 _

21 (.ACT) 64,410 4170 .065 0.996 3.34

24 (2ACT ] 64.070 .... 4000 .063 0.991 3.27

_ _ 64,200 3.40 _

Test Technician: Approved: 02 rwnn. /2
M-61 0. Browning, (



2CT - No. 2 Section of Constant Thickness Panel

4CT - No. 4 Section of Constant Thickness Panel

4ACT - No. 4A Section of Constant Thickness Panel

2ACT - No. 2A Section of Constant Thickness Panel
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TEST REPORT

* Oi CINCINNATI TESTING LABORA TORIES, INC.

* REPORT NO. TI-345 L

TENSILE STRENGTH(45

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERIAL: SP25O-E-33 W-456, Lot 7, Jumbo 50

*SPECIFICATION: BMS 8-196A

PRE CONDITIONING: 30 Min. @ -65* F

TEST CONDITION: -65' F
SPECIMEN TYPE: Figure 5

TEST NG PEED . 5 inJmi .S= Ultimate Tensile Strength in PSI

Tensile Strength (S) = PSy = Yield Strength in PSI 6bd Et - Modulus of elasticity in PSI x 10
P* P = Break Load in lbs.

Modulus of Elasticity (Et) -bY b = Specimen width in inches
d -Specimen thickness in inches

*Initial Linear Load Y - Strain in in/in

Specimen S Sy P d b Et Elongation
* (No.) (PSI) (PSI) (Lbs.) (In.) (in.) (PSI x 106) )

1 2CT ____ 1272 .063 1.001 2.69

5(2CT) 20,340 _ ___ 1266 .062 1.004 2.66______

I I(OCT) 22.020 1534 .070 0.995 2.69

I 14(4ACT) 21,590 IS___ 122 .070 1.007 2.67______

16 (4ACT'21,350 ____ 1464 .069 0.994 2.82______

I (ACT 20801436 .069 0.998 } 2.88

19 UIACT 18j12Q 130_____ J. .062 1.006 2.65

* 22(2ACT: 19,630 _ ___ 1226 .064 0.976 2.58 ______

AVG. - 20,510 __________________ 2.71 ____

Test Technician: (34 Appove: ID 4-..W1 -

0. Browning (



2CT No. 2 Section of Constant Thickness Panel

4CT - No. 4 Section of Constant Thickness Panel

4ACT - No. 4A Section of Constant Thickness Panel

4ACT - No. 2A Section of Constant Thickness Panel
2ACT - No. 2A Section of Constant Thickness Panel

14-64I



TEST REPORT

I CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

* TENSILE STRENGTH (-45 )

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company

MATERI:AL: SP250-E-33 W-456, Lot 7, Jumbo 50

SPECIFICATION: BMS 8-196A

PRE CONDITIONING: 40 hrs./23 ° C/50% R.H.
TEST CONDITION: 23 C/50% R.H.

SPECIMEN TYPE: Figure 5

TESTING SPEED: .05 in.Imin.

S = Ultimate Tensile Strength in PSI
Tensile Strength (S) = Sy = Yield Strength in PSI

bd Et= Modulus of elasticity in PSI x 100
p. P = Break Load in lbs.

Modulus of Elasticity (Et) = SdY b = Specimen width in inches
d = Specimen thickness in inches
Y = Strain in in/in

*Initial Linear Load

Specimen S Sy P d b Et 6  Elongation
(No.) (PSI) (PSI) (Lbs.) (In.) (In.) (PSI x 10) (M)

3(2CT) 18,680 . 1200 .064 1.004 2.44

§62CT) 18.740 1170 063 0.991 2.21

8(4CT) l 9,060 1450 . 077 .. 8. . . 1.96

9(4CT) 20,100 1520 .076 0.995 2.11

12(4CT 19.710 1480 .075 1.001 2.01

15(4ACT 18,530 1400 .076 0.994 1.97

20(2ACT: 16.110 1000 .06.2 1.001 1.92

23(2ACTI 18,300 1130 .062 0.996 2.14

AVG. 18,650 _ T 2.10

Test Technician: Approved: c- _____

yeCy M-65 D Browning

-M
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2CT - No. 2 Section of Constant Thickness Panel 2

4CT - No. 4 Section of Constant Thickness Panel

4ACT - No. 4A Section of Constant Thickness Panel

4ACT - No. 2A Section of Constant Thickness Panel

M-66



TEST REPORT

* Oi CINCINNATI TESTING LABORATORIES, INC.

REPORT NO. TI-3405

8 0

TENSILE STRENGTH (t450)

DATE: January 22, 1980

CUSTOMER: Boeing Vertol Company
MATERIAL: SP250-E-33 W-456, Lot 7, Jumbo 50
SPECIFICATION: BMS 8-196A

PRE CONDITIONING: 30 Min. @ 180 F

TEST CONDITION: 180* F

SPECIMEN TYPE: Figure 5
TESTING SPEED: .05 in.Imin.

S = Ultimate Tensile Strength in PSI
Tensile Strength (S) = P Sy = Yield Strength in PSI

bd Et= Modulus of elasticity in PSI x 106
P = Break Load in lbs.

Modulus of Elasticity (Et) = b = Specimen width in inchesd = Specimen thickness in inches
*Initial Linear Load Y = Strain in in/in

4

'Specimen S Sy P d b Et 6  Elongation
(No.) (PSI) (PSI) (Lbs.) (In.) (In.) (PSI x10) (%)

2 (2CT) 18.210 1170 .064 1.Q04 4L.47

4 (2CT) 17_990 1080 .061 0.984 1.59

7 WT) 20,740 1480 .072 0.991 1.62

I 10(4CT) 20,680 1430 .069 1.002 1.77

13.(4ACT 19,790 1470 .074 1.004 1.50 _

17(4ACT 18.920 1350 .071 1.005 1.57 _,_ _"

21(2AT 17.7 0 1050 .060 0.984 1.76

2A 4 (2ACT 17.940 _ 1110 .063 0.982 1.52

AVG. 19,010 J 1.60

Test Technician: Approved: Browning



APPENDIX N

RESIN GLASS CONTENT AND RETEST DATA

RESIN-GLASS CONTENT

CUSTOMER: Boeing Vertol Company

Material: SP250-E-33 W-456, Lot 7, Jumbo 50, Panel No. 4CTS (00)

specification: BHS 8-1 96A

Pre Condition: 16 Hrs. @ 250*F

Burn-off Temp: 1 050OF

Specimen Size: 1" x 1"

Specimen No. 1 2 3
Wt of Crucibe L Specimen

BfOwe Igton (gms. 20.0663 20.5635 19.5728
Wt of Crucible & Specimen

After Ignition fungi 19.6824 20.1991 19.2302

Ignition Lou igms.) 0.3839 0.3644 0.3426

Wt. of Specimen
sfomelIgnition Igm 1.8639 1.7355 1.6536

Resin Content 4%) 20.6 21.0 20.7
GlenuContent 1%) 79.4 79.0 79.3

AverapResin Content 20.8 %

N-1
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RESIN-GLASS CONTENT

CUSTOMER: Boeing Vertol Company

Material: SP25O-E-33 W-456, Lot 7, Jumbo 50, Panel No. UWS (00)

Specification: BMS 8-1 96A

Pre Condition: 16 Hrs. @ 250*F

Burn-off Temp: 1 050*F

Specimen Size: x' 1"l

Wt fSpecimen No. J4 5 6

Wt o Crucible & SpecimenI
Before Igition (gin&) 20.1386 20.0883 19.6365

Wt. of Crucible & Specimen
After Ignition (gins) 19.5798 19.6346 19.1299

Ignition Loss (gms.) . 0.5588 0.4537 0.5066

Wt. of Specimen

BeforelIgnition (gms.) 1.8821 1.6578 1.8575

Resin Content(% 29.7 27.4 27.3
GlassContent(% 70.3 72.6 72.7

Avrae imContent 71.9 %

AeaeFiller Conten

N-2
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RESIN-GLASS CONTENT

CUSTOMER: Boeing Vertol Company

Material: SP250-E-33 W-456, Lot 7, Jumbo 50, Panel No. 4AWS (00)

specification: BMS 8-1 96A

P'rwe Condition: 16 Hrs. @ 250*F

Burn-off Temp: 10500 F

Specimen Size: I" X 1

Specimen No. 7 8 9
Wt of Crucible & Specimen

Before Ignition Igins.) 20.4582 19.8761 20.1803
Wt. of Crucible & Specimen

After Ignition (gins.) 19.9738 19.4801 19.7888
Ignition Loss igms.) 0444 0.3980 0.3915

Wt, of Specimen
Before Ignition Igins.) 1 .7068 j1 .6354 1 .6574

RsnContent ()28.4 24.2 23.6

I GlassContent(%M 71.6 75.8 {76.4

Ave"Ran Content 254%

Aveag llerConten %i

N -3
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RESIN-GLASS. CONTENT

CUSTOMER: Boeing Vertol Company

Material: SP250-E-33 W-456. Lot 7, Jumbo 50, Panel No. 2CTS (00)

Specification: BMS 8-1 96A

Pre Condition: 16 Hrs. @ 250OF

Burn-off Temp: 1050OF

Specimen Size: 1ll x il"

Specimen No. 10 11 12

Wt. of Crucible & Specimen
Before Ignition (gins.) 19.5320 20.2985 20.3435

Wt. of Crucible & Specimen
AfterlIgnition (gmns. 19.1975 20.0211 20.0131
Ignition Loss (gmns.) 0.3345 0.2774 0.3304

Wt. of Specimen
Before Ignition (gins.) 1 .7331 1 .4439 1 .5312

Reun Content(%) 19.3 19.2 21.6

Glass Content 1%) 80.7 80.8 78.4

Average R sin Content 20.0 %.

IAverage Glass Content 80.0 %.

AeaeFiller Content %.

N -4



RESIN-GLASS CONTENT

CUSTOMER: Boeing Vertol Company

Material: SP250-E-33 W-456, Lot 7, Jumbo 50, Panel No. 2AWS (00O)

Specification: BMS 8-1 96A

Pre Condition: 16 Hrs. @ 250*F

Burn-off Temp: 1050OF

Specimen Size: 1it x ill

Specimen No. 13 14 11
Wt. of Crucible & Specimen

Before Ignition (gins) 20.0743 20.0721 I 20.0063

Wt. of Crucible & Specimen
IAfterlIgnition (gms.) 19.6028 19.7169 19.6693

Ignition Lass (gins.) 0.4715 1 0.3552 0.3370

Before Ignition (gins.) I 2.0975 1 .6842 1 .5832

ResnContentlM 22.5 21.1 21.31

AvraeGisContent 78.4 %

AeaeFiller Conten

N-5



RESIN-GLASS CONTENT

CUSTOMER: Boeing Vertol Company

Materiel: SP250-E-33 W-456, Lot 7, Jumbo 50, Panel No. 2WiS (00)

Specification: BMS 8-1 96A

Pre Condit:ion: 16 Hrs. @ 250OF

Burn~off Temp: 10500 F

Specimen Size: III x 191

Specimmn No. 16 17 18

Wt. of Crucible & Specimen
Seorlgitongmj19.8984 20.3919 20.2162

Wt. of Crucible & Specimen
After Ignition (gms. 19.4516 19.9202 19.7052

lgitonoa~msl0.4468 0.4717 0.5110
Wt. of Specimen

Before Ignition (oms.) 1.6701 1.6947 1.7789

Rain Content(%M 26.8 27.8 28.7

Glem Content(%M 73.2 72.2 71.3

AeaeFiller Coent%

N-6



RESIN-G LASS CONTENT

CUSTOMER: Boeing Vertol Company

Material: SP-250-E-33 W-456, Lot 7, Jumbo 50, Panel 2ACTS (0/900)

Specification: BMS 8-196A

Pre Condition: 16 Hrs. @ 250OF

Burn-off Temp: 1050OF

Specimen Size: 1" X 1"

Specimen No. 1 28 , _29 30

Wt. of Crucible & Specimen I
Before Ignition (gms., 20.2133 20.6575 21.0743

Wt. of Crucible & Specimen

After Ignition (gms.) i19.6115 20.1063 20.5083

Ignition Loss(gm.) 0.6018 Q..5512 , 0.5660

Wt. of Specimen
Beforelgnition(grs.) i 2.2940 2.2273 2.2464

Resin Content 1%) t 26.2 24.7 25.2

GlassContent%) _ 73.875.3 74.8

Average R esin Content 25.4 %

Average Glass Content 74.6 %

Average Filler Content %

N-7



RESIN-GLASS CONTENT

CUSTOMER: Boeing Vertol Company

Material: SP-250-E-33 W-456, Lot 7, Jumbo 50, Panel 4ACTS (0/900)

Specification: BMS 8-196A

Pre Condition: 16 Hrs. @ 250*F

Burnoff Temp: 10500F

Specimen Size: 1" X 1"

Specimen No. 25 26 27

Wt. of Crucible & Specimen
Before Ignition (gms.) 20.9868 21.0973 19.8579

Wt. of Crucible & Specimen
After Ignition igms.) 20.5029 20.4618 19.3532

Ignition Loss (gmL) 0.4839 0.6355 0.5047

Wt. of Specimen
Before Ignition (gms.) 2.2352 2.2424 2.0591

Resin Content (%) 21.6 28.3 24.5

Glass Content(%) 78.4 71.7 75.5

Average R esin Content 24.8 %

Average Glass Content 75. 2 %

Average Filler Content %

N-8



RESIN-G LASS CONTENT

CUSTOMER: Boeing Vertol Company

Material: SP-250-E-33 W-456, Lot 7, Jumbo 50, Panel 2ACTS (±450)

Specif ication: BMS 8-196A

Pre Condition: 16 Hrs. @ 250OF

Burn-off Temp: 1050OF

Specimen Size: 1" x 1",

Specimen No. 19j- 20 1 21
Wt. of Crucible & Specimen

Beorlgitongm.)19.9396 20.5594 1 20.8888

AfterlIgnition Jgms.) 19.4829 20.0019 20.4062
ignition Loss (gms.) 0.4567 0.5575 t 0.4826

Wt. of Specimen
Before Ignition (gins.) 2. 16052.0 2.76

l~egnontnt%)21.1 24.2 23.2

Glass Content(% 78.9___ 5.L7 i

Average Resin Content 22. 8 %

Average Glass Content 77. 2 %

Average Filler Content %

N-9



RESIN-GLASS CONTENT

CUSTOMER: Boeing Vertol Company

Material: SP-250-E-33 W-456, Lot 7, Jumbo 50, Panel 4ACTS (±450)

Specification: 8145 8-196A

Pre Condition: 3.6 Hrs. @ 250OF

Bur n-off Tema: 1050*F

Specimen Size: 1" x 1."

Specimen No. 22 -23 ~ 24

W.of Crucible & Specimen
Before ignition jgid2.88 0.922067

fWt of Crucible & Specimen 2 . 0 720.61024 20.0379

Ignition Loss Igms.) 0.5488 I. 0.5888 0.5760

Wt. Of Specimen

Before Ignition fgMs) 2.2851 2.4505 2.4058

Resin Content(% 24.0 24.0 23.9
Glass Cotn 76.0 76.0_______ 76.1

Avrg esin Content 24.0 0
Average Glass Content 76 .0 %

AveageFilerContent%

N-10 '



TENSILE STRENGTH (0O)

CUSTOMER: Boeing Vertol Company
Material: SP2SO-E-33 W-456, Lot 7, Jumbo 50
Specif ieatmon: BMS 8-1 96A

Pre Conditioning: 30 Min. @ 180OF Testing Speed. .05 ins'min.

Test Condition: 1 80OF

Specimen Type: Figure 5
S - Ultimate Tensile Strength in PSI

Sy a yield strength in PSI

Et , modulus of elasticity in PSI x 10'

Tensile Strength (S) P ra oa nls

b - specimen width in inches

Modulus of Elasticity IEtV d , spcie thickness in inches

Y - strain in on./in.

PANEL Spemen S - _SY P d b Et Elongationl
(No. ) (no.) (PSI) fPSil (lbs.) (in.I (in.) (psi x 10') 1%)

4CTS 11A 99,950 ____ 2330 .047 .496 5.70

-4CTS 12A 1110,200 _____ 2600 .047 .502 6.18 _____

4CTS I13A 98,140 _____ 2360 .048 .501 6.12 _____

4WS 14A 127,490 _____ 3020 .047 .504 5.74 ______

411$ 1 5A 123,500 3050 .09 1.504 5.58 _______

AMg 111,860 ______ __ ____ 5.86 _____

NOTE: Post-cured 16 Hrs. @ 250*F

4'4



TENSILE STRENGTH (00/90.)

CUSTOMER: Boeing Vertol Company
Material: SP2SO-E-33 W-456, Lot 7, Jumbo 50 (Constant Thick. Section)
Specification: BMS 8-196A

Pro Conditioning: 30 Min. @ -650F Testing Speed: .05 in./i'mn.

TestCondition: -65OF

Specimen Type: Figure 5
S a Ultimate Tensile Strengt in PSI

Sy a yield stregth in PSI

Et ,modulus of elasticity in PSI x 10'

Tensile Strengh IS) -I& P a break load in lbs.

b specimen width in inches

Modulus of Elasticity (Et) -=b F d , specimen thickness in inches

Y a train in in./in.

PANEL specimen S 5y P d b Et Elongtion
In.) (PSI) (PSI) 11lb5.) (in.) fin.) (Psi x 101 I(V

4A 1A 88,200 _ __ .5850 .066 1.005 4.66 _____

4A 2A 93,010 1___ 6070 .065 1.004 3.89 _____

2A 3A 91,080 _____ 5630 .062 0.997 3.99 _____

2A 4A 90,050 _____ 5460 .061 0.994 4.18 _____

2A5A 89,160 _____ 5500 .062 0.995 4.50 _____

Avg. T 9, 300 _________ ___4.24 ______

NOTE: Post-cured 16 Hrs. @ 250OF

N-1 2



TENSILE STRENGTH (±451)

CUSTOMER: Boeing Vertol Company
Material: SP250-E-33 W-456, Lot 7, Jumbo 50 (Constant Thick. Section)
Specif ication: BMS 8-1 96A

Pre Condtioning. 40 Hrs./230C/50% R.14. Testing Speed e05 in.Imin.

Test Condition: 230C/50% R.H.

Specimen Type: Figure 5
S - Ultimate Tensle Strength in PSI

Sy a yield strength in PSI

Et a modulus ot elasticity in PSI x 100

Tensile Strength IS) -* P - break load in lbs.

bo * specimen width in inches

Modulus of Elasticity (Et? b) V d - specimen thickness in inches

Y - strain in in./in.

PANEL Specimen S Sy P d b Et Elongtion
(No.) (no.) (PSI) (PSI) IlW. (Kn) Ion.) Wpsi x 1061 1

2A 6A 19,050 .1205 .063 1.004 1.93 _ ___

2A 7A 17,870 _____ 1128 .063 1.002 2.09 _____

2A 8A 19,870 _____ 1262 .063 1.008 1.95 _ ___

4A 9A___ 21,640 _____ 1512 .070 0.998 2.39 _____

4A L1A 21,490 1516 .070 1.008 2.60 _ ___

j v. 19,980 _________ ____ ____ 2.19 _____

NOTE: Post-cured 16 Hrs. @ 2500F

N-i13
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SHORT BEAM SHEAR
CONTROL

CUSTOMER: Boeing Vertol Company
Matrial: SP250-E-33 W-456, Lot 7, Jumbo 50, Panel No. 5 Wedge Section

Specification: B?4S 8-196A
Pre condition: 30 Min. @ -65OF Test speed: .0D5 in./Min.

Tes IlrIJ.-65F d. umd.L/d ratio: 5/1 Nose 1/8"
Test __ Tamp: _ -65__F Rot.__ Hmd -- % ocm/ x78 LadPitRdus upports 1/16"

Specimen Thicknes-d Width-b Break Load Shear Strength: S. V PSI Span: . 500"

103 10 .47 355 140
(No. 2 fi. . 3ibs.5 11,480

106 .103 .248 1423.5 12.430
109 .107 .248... 342.0 9,670

d Code:

_____ ____ ____ _____Avg. S 1 11190 PSI

NOTE: Post-cured 16 Hrs. @ 250OFfSpecimen Thicknessd Width-b Break Load Shear Strength: S= - PSI Span:
(No.) (in.) fin.) fibs) - P 4bd

4 Code.

5Avg. S PSI

N-1 4



SHORT BEAM SHEAR
OIL SOAK *

CUSTOMER: Boeing Vertol Company

Material: SP250-E-33 W-456, Lot 7, Jumbo 50, Panel No. 5A Wedge Section

Specification: BMS 8-196A

Pre Condition: 30 Min. @ -650F TestSpeed: .05 in./Min.
L/d ratio: 5/1

Test Temp: -650F Rel. Humid. ___ % Specimen Size: Load Points Radius: Nose 1/8"
1/4" x 7/8" Supports 1/16"

Specimen Thickness-d Width-b Break Load 3P
(No.) (in.) (in.) (lbs.) -P SS .

92 .101 .249 439.5 13,110
• Immersed 7 days in MIL-H-83282

98 .102 .249 431.5 1274 Hydraulic Fluid @ 160°F, Removed and

99 .107 .249 489.5 13.780 mek wiped.
ICode:

__ _Avg. S 13,210 PSI

NOTE: Post-cured 16 Hrs. @ 250°F

Specimen Thickness-d Width-b Break Load Shear Strength: =Span:
(No.) (in.) (in. (ilbs.) -P

2

3

4 Code:

5 Avg. S PSI

N-15
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SHORT BEAM SHEAR
OIL SOAK.*

CUSTOMER: Boeing Vertol Company
Material: SP250-E-33 W-456, Lot 7, Jumbo 50 Panel No. 5 Wedge Section

Specification: BMS 8-l96A

Condition: Imm~ersed 7 days in tMiL-H-83282 Hydraulic Test Speed: .05 in./Min.
Fluid @ 1600F, Removed & Mek wip*. L/d ratio: 5/1 Noe18

Temp: 23 "C Rol. Humid. 50 % Specirn, 4 e: /8 Load Points RadiU : os 1/1"

SpcmnThickness'd Width-b Break Load Shear Strength: s - Z PsiSpn .50
(No.) (in.) (in.) (lbs.) - P 4

105 .103 .247 367.0 10,820

108 1.102 1.249 329.0 __9,720P

ill .107 1.247 314.5 4~920

4 Code:

S _______ ______ Avg. S 9,820PS

NOTE: Post-cured 16 Hrs. @ 250'F

Specimen IThickness-di Width-b Break Load Shear Strength: S !P- PSI Span.
(No.) fin.) (in.) (ls.) - P d

2

3

4 Code:

5 Avg. S PSI

N-1 6



SHORT BEAM SHEAR

WATER BOIL

CUSTOMER: Boeing Vertol Company
Material: SP250-E-33 11-456, Lot 7, Jumbo 50, Panel No. 3A Wedge Section

Specification: BMS 8-1 96A

*Condition: 2 Hrs. in Boiling Distilled Water Test Speed:.0*5 in.Min.

Lid ratio: 5/1
Test Temp: 23 'C Rel. Humid. 50 % Specinn ize: 78 Load Points Radius: Nose 1/81

Spcme hikes- 1Wd/4 Bek odx 7/"Supports 1116"
SpcienThcnes- Wdt- Bea La Shear Strength: S = 1PPSI Span: . 5001,

(No.) (in.) fin.) (lbs.) -P 4bd

*100 .098 .249 284.0 8730

101+ :-09 .249_ 289.0 8880

101 _______Code:

Avg. S 8800 PSI

NOTE: Post-cured 16 Hrs. @ 250OF

Specimen Thickness-d Width-b Brea Load Shear Strength: S l= Psi Span:
(No.) (in.) (in.) (lbs.) - P 4bd

4 Code:

__________ _____ I_____ _____Avg. S PSI

N-1 7



SHORT BEAM SHEAR
WATER BOIL*

CUSTOMER: Boeing Vertol Company
Material: SP250-E-33 W-456, Lot 7, Jumbo 50, Panel No. 5 Wedge Section

Specif ication: BMS 8-1 96A

Pre Condition: 30 Mn. @ 180OF Test Speed: .05 in./Min.
Lid ratio: 5/1

Test Temnp: 180OF Rel. Humid. -- % Specimen Size: Load Points Radius: Nose 118"
________________ _____ 114" x_7/8" '%upport _1/16"

Specimen Thickness-d Width-b Break Load Shear Strength: S= ! PSI Span: .500"
(No.) (n)(in.) flbs.) -P d

104 .104 .247 205.0 5990
*2 Hrs. in Boiling Distilled Water

1107 .104 I.247 207.5 6060

10 .107 .248 179.0 5060
E ______ j ______ ______ ______Code:

p _____ jAvg. S 570PSI

NOTE: Post-cured 16 Hrs. @ 250OF

Specimen Thickness-d Width-b Break Load Shear Strength: 5 LP PSI Span:
(No.) (in.) (in.) (lbs.) - P 4bd

( 4 Code:

___ __ ___ ___ ___ ______ ___ IAvg. S PSI

N-1 8



FLEXURAL STRENGTH

WATER BOIL

CUSTOMER: Boeing Vertol Comipany

Material: SP250-E-33 W-456, L6ot 7, Jumbo 50, Panel No. 3CTSSupo.tradius: 1/8"
Specification: Bt4S 8-1 96A Nwrdu:18

*Pro Conditioning: 2 Hrs. in Boiling Distilled Water Test
speed: .04 in./min.

Test Condition: 30 Min. @ 1800F, tested @ 180*F specimen iength 4"

Span IL) 1.5 L/d Ratio: 17/1

S - flexural strength in psi

Es- Modulus of elasticity in psi x 106

Flexural Strength (S - Brec odgnls

b , specimen width in inches

Modulus of Elasticity fEt) =L3mn d adepth of beam in inches4 bd3

L , spen in inches

m - initial slope of load-def lection curve
in lbs./in.

Specimren S d b P m E
(No.) (pui) (in.) (in.) fIbs.) fibs./in.) Ipee x 10')

97 132,650 .092 1.011 504.5 4348 4.66
98 1 134,290 .089 1.009 477.0 4152 4.93
99 116,800 .086- 1.008 387.0 3738 4.92

An.___ 127,910 .089 ___________ _____ 4.84

NOTE: Post-Cured 16 Hrs. @ 2500F

N-i 9/N-20
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